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ABSTRACT
HIGH SCHOOL CHEMISTRY PERFORMANCE AS A PREDICTOR OF COLLEGE
CHEMISTRY PERFORMANCE
FEBRUARY 1998
THOMAS E. KELLER, B.S., TEXAS A&M UNIVERSITY
Ed.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Klaus Schultz

High school science teachers cite “academic preparation” as the primary goal of their
instruction. Almost universally, they focus their courses’ content and design on the skills
and knowledge that they believe are necessary for success in subsequent courses in that
particular science. This study challenges the accuracy and efficacy of that priority. Data
on completion of high school chemistry courses were disaggregated, analyzed, and
compared with grade performance in first-year college chemistry at three institutions of
higher education in Maine. Completion of any level of high school chemistry failed to
correlate with academic performance in college chemistry. The study compared scores on
the Maine Educational Assessment (MEA) in mathematics and reading and the Scholastic
Aptitude Test (SAT) in quantitative and verbal areas with grade performance in first-year
college chemistry. It revealed positive correlations between test scores and course grades
with the mathematics section of the MEA and with both portions of the SAT. Maine high
school chemistry teachers cited different priorities for varying levels of high school
chemistry. Those teaching the highest level courses reported covering more of the
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textbook material, but spending less time using a text than did their colleagues teaching
lower level courses. Teachers using the American Chemical Society’s “Chemistry in the
Community” program articulated substantially different course goals, expectations, and
use of instructional time than did their colleagues using other text based programs.

This study involved administering a pre and post questionnaire to students enrolled in firstyear college chemistry, gathering data from their high school and college records, and
surveying Maine high school chemistry teachers. The study employed non-parametric
statistics, correlations and comparisons of means to analyze the data.
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CHAPTER 1
INTRODUCTION

A high school chemistry teacher today must be thoughtful and deliberate in making
choices about instructional goals and outcomes from among those as widely divergent as
helping students understand chemical concepts as they apply to everyday life to how to
properly and safely insert glass tubing into a rubber stopper to how much of the Periodic
Table should a student learn by rote. These curricular choices have instructional (How do
I best teach this so students truly understand it?), assessment (How do I know that
students understand it?) and evaluative (How do I know that what I am teaching is having
the desired effects?) implications.

This report centers on the last area. But it first examines consensus on educational
goals from the time of Aristotle to the present. The report also describes differing
philosophies and evaluation measures as chemistry becomes an separate subject taught at
the high school level. A research component investigates the performance of students
taking college chemistry at three institutions of higher education in Maine and their
performance in high school. The intent is to reveal the usefulness of success in high
school chemistry, defined by course grade, as a predictor of success in college chemistry.

Investigations were undertaken to assess:
-

difference in grade performance in college chemistry between those
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students who had taken high school chemistry and those who had not.
-

difference in grade performance in college chemistry between those
students who had taken an upper level of high school chemistry versus
those who had taken the “regular” track of chemistry.

-

the use of the Maine Educational Assessment scores as a predictor of
success in college chemistry.

-

the use of the Scholastic Aptitude Test scores as a predictor of success in
college chemistry.

-

how college chemistry students perceive that high school chemistry
prepared them for college chemistry.

-

the perceptions of college chemistry students and high school chemistry
teachers of the goals of the high school chemistry curriculum.

-

the perception of goals for different levels of high school chemistry by high
school chemistry teachers.

-

the perception by college chemistry students of educational goals of college
chemistry and high school chemistry instructors .

A common refrain heard from high school chemistry teachers is that students
taking high school chemistry will need it for college chemistry. This study attempts to
verify this comment. It therefore raises the specter of evaluating one’s teaching beyond
the final course grade. Education, in the words of J. Abrascato (personal communication,
1993), is “not like a blueberry muffin. It is never done.” Educators must, through
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whatever means possible, be encouraged to take both a short and long term view. If this
study shows that high school chemistry has little effect on performance in college
chemistry, then high school chemistry must be changed.

The limitations of this study are numerous. One limitation is that it is conducted
on a limited population in a single state. Generalizability is reduced. Additionally the
study is limited by the several assumptions which had to be made, such as equating grade
success with knowledge, accepting grades as reliable measures, and setting one
instructor’s chemistry course equal with another. Gathering student data for only one year
class is a third limitation.

The educational research is nebulous concerning agreement on the goals of high
school science education. Universally acclaimed goals would be useful for many decisions
now being made on the local, state and national levels. The word "goal" is being used
here as large overarching concepts as opposed to outcomes or standards which are more
narrowly defined results.

For teachers to consider changing what it is they are doing in the classroom, they
must change their beliefs. In order to change their beliefs, they must be confronted with
contradictory evidence, they must have some concrete, simple, direct proof that what they
are doing isn't working. One of the most direct approaches to take is to be able to say
with the utmost of certainty that students who take science in high school and go on to
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college do not do better in their science courses in college because of what they learned in
their high school science courses. To be even more specific, to definitively know that
students who took high school chemistry achieved higher grades in college chemistry
would be of enormous importance to a teacher. A teacher typically asks 'what topics
should I cover?' Such knowledge should cleanly and simply answer that question.

Classical educational texts typically address changes in educational thought in their
preface or first chapter. Some of the more powerful statements are "In days past,
education was largely theoretical; it was not particularly practical. At the present time,
there is a definite effort to relate education more closely to matters of everyday life....
Teacher assertiveness characterized the old school; child assertiveness characterizes the
new. In some schools, even today, learning and accepting the textbook on the word of the
teacher is the prevailing practice... The day of commanding and enforcing intellectual
acceptance on the part of the child is about past. We not only permit intellectual
aggression, but we aim to develop it in him. We wish him to question, to inquire, to test,
to accept, and to reject.” (Slavson and Speer, 1934, page 4) These authors apparently
believed that we were perched on the edge of child-centered education, at least in science
education, in the early 1930's.

The question of goals in education has been asked since the time of Aristotle.
Hurd (1982) cites Aristotle's dilemma that agreement has not yet been reached as to the
material that is to be taught. Nor, he continues, has the aim been clarified of whether
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education should be concerned more with developing intellectual abilities or with moral
virtue. In fact, three competing philosophical goals - ‘useful in life, virtue, or higher
knowledge’ - were discussed, with no consensus being achieved.

According to Seeley (1904), goals or "motives'* in his vernacular have been
established for most countries and civilizations. For example, “[I]n China, the motive for
education was to prepare for success in this life; in India, for the future life; in Persia, to
support the State; in Israel, to rehabilitate the nation; and in Egypt, to maintain the
supremacy of the priests" (page 52). He states that Roman education was "to prepare the
youth for practical life and to fit him for the acquirement of wealth, rather than for the
development of all the human powers" (page 80). Conversely, Athenian education aimed
to educate "the entire man, giving him beauty of form, keenest of intellect, and nobleness
of heart...its aim was the good of the individual and not the glory of the State" (page 60).

This debate continues today, some two thousand three hundred years later. In the
winter of 1994, the Guy Gannett Publications Company and the Maine Council of
Churches sponsored a series of'Reader Roundtables' in Maine, the purpose of which was
to examine four goals of education. The identified goals were traditional basics (“Schools
should root students in a broad knowledge of history, classical literature, writing and
math.”), employment (“Schools should help students master a set of skills and facts that
prepare them for either a job or further education.”), citizenship ("Schools have a broad
responsibility to develop character and prepare students for success in a society marked by

5

cultural diversity, competing values and new challenges."), and lifelong learning (“Schools
should focus more on the process of learning than on content. Schools should help
students learn how to learn, so they can adapt to a changing world throughout their
lives.") (Maine Sunday Telegram, January 9, 1994, page 12A) 'Roundtable' discussion
groups were formed in large and small communities around the state and the advantages
and disadvantages of each of these philosophies were discussed the week following the
printing of a summary article in the Sunday newspaper.

In Seeley's History of Education (1904), he describes the progress of education
from the Dark Ages to the present. The educational systems of countries and civilizations
are detailed. When he arrives at the United States, his opening statement is "[each state in
the United States has its own independent system of education; there is not a national
system" (page 309). A recent movement, initiated by the Education Summit held in
Charlottesville, Virginia in 1990 led to the creation and adoption of six national education
goals. Referred to as America 2000 under the Bush Administration and expanded to eight
goals under Goals 2000 by the Clinton Administration, these goals offer clear statements
for education at the national level. An argument has been made, and continues to be
made, that states are charged with the responsibility of education and the federal
government has a minor role in that. With the proposed reauthorization of the federal
Elementary and Secondary Education Act (which has become the Improving America's
School Act or IAS A), however, the federal intent becomes clear. In order to receive
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federal IASA funds, states will have to adopt, with federal approval, "world class
standards" in subject matter areas.

Of the six original and now eight goals, science is addressed in two. Goal 3 states
that "By the year 2000, American students will leave grades 4, 8 and 12 having
demonstrated competency in challenging subject matter including English, mathematics,
science, foreign language, arts, history and geography; and every school in America will
ensure that all students learn to use their minds well, so they may be prepared for
responsible citizenship, further learning, and productive employment in our modem
economy" U.S. Department of Education, Office of Educational Research and
Improvement, Fall 1993 OERI Bulletin 3). Goal 5 states that "By the year 2000, U.S.
students will be first in the world in mathematics and science achievement" Fall 1993
OERI Bulletin 3). All six original goals have been adopted by the Governors of all fifty
states (Beardsley, 1992).

The search for consensus continues even among science education researchers.
Recent article titles such as “ A New Look on the Goals of Teaching Science” (Boulos,
1964), “Are yesterday’s Goals Adequate for Tomorrow?” (Anderson, 1983), “Toward a
Philosophically More Valid Science Curriculum” (Hodson, 1983) and “Teaching Real
Science” (Beardsley, 1992) demonstrate the seeking of common curricular goals.
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General Goals of Science Education

Selected history up to the landmark Project Synthesis

The advent of science education has been traced to the philosopher Rabelais
(1483-1553) by Compayre in Seeley (1904). Compayre is quoted by Seeley as one who
thinks Rabelais "certainly is the first, in point of time, of that grand school of educators
who places the sciences in the first rank among studies of human thought" (Seeley, 1904,
page 195). It may soon be the 500th anniversary of science education. Bybee and
DeBoer (1994) cite John Amos Comenius as the person who first brought science into the
classroom through the popularity of his illustrated textbook for children entitled Orbis
Sensualism Pictus (1658).

In the more recent past, Seeley (1904) describes a reform effort that occurred in
Quincy, Massachusetts in 1873. Apparently the Quincy School Board took a dramatic
and unusual step in appointing an educational expert, Colonel Francis W. Parker, to
oversee their schools. Based on extensive study of European schools. Colonel Parker
introduced extraordinary reforms such as abolishing textbooks, discontinuing the mere
memorizing of facts, emphasizing nature work and making school work natural and
interesting. Although the reform was not too long-lived, it did, according to Seeley
(1904), "incalculable good by breaking up the formalism that prevailed, by making the
work practical and interesting, by offering suitable material, by improving the methods of
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instruction, and by awakening great interest in educational problems among both the
teachers and the public at large." (page 318)

Bybee and DeBoer (1994) state that two educational models were popular toward
the end of the 1800's, one of these emphasized knowledge as the primary goal and became
known as elementary science and the other stressed personal development and was known
as nature study. Parker promoted the elementary science model which, according to
Bybee and DeBoer, “was influenced by the rise of industrialism in the United States and
the need for individuals who were knowledgeable about the raw materials, processes, and
products of the new industrial economy." (page 365)

The two differing philosophies of the late 1800s through early 1900s (nature study
model of science education versus elementary science model) foreshadowed and continued
the debate about goals. The specifics of the debate have changed, but the basic positions
remain constant.

For example, in the nature study versus elementary science models controversy,
nature study stressed facts unrelated to larger concepts and elementary science stressed
facts in relation to larger concepts, nature study stressed personal development whereas
elementary did not, and nature study included aesthetics and appreciation and elementary
science emphasized science as an organized system of knowledge (Bybee and DeBoer,
1994). Slavson and Speer (1934) describe an example of elementary science school of
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thought by the following selection: "Until a comparatively recent date, the objectives of
science education and the subject-matter content were determined largely by textbook
writers and curriculum makers, and little consideration was given to the interests of the
child himself Supposedly, it was necessary only to teach the child a certain amount of
information; and it was assumed that the information should be chiefly of a descriptive
nature. With these ideas in mind, educators constructed curricula in which subject content
consisted almost wholly of classified descriptive information." (page 30)

Debate about the goals of science education spilled over into the college
admissions area was well during this era. The Committee of Ten, formed by the National
Education Association in 1892, was to coordinate college entrance requirements and
examine each major subject that students were to take prior to college (Bybee and
DeBoer, 1994). Faculty from nine major subject areas, meeting as three conferences with
one on natural history including physiology, zoology, and botany, a second on physics,
chemistry, and astronomy, and a third on geography, including physical geography,
geology and meteorology, met to discuss this issue. At a combined meeting of these three
conferences, a joint resolution calling for 25 percent of the total school curriculum to be
devoted to the study of science was passed. The groups argued that science had
disciplinary value, that the study of science would develop intellect and observational and
inductive faculties and that these were the goals of science education. This helped foster
controversy rather than provide a solution to the debate of elementary science versus
nature study.
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During the period of 1918-20, a second chapter of the National Education
Association (The Commission on the Reorganization of Secondary Education) convened
and set forth seven cardinal principles upon which all academic or vocational school
subjects would be measured (Bybee and DeBoer, 1994). The overall aim of these
principles was to prepare youth for “effectiveness” in a social world, that preparation for
living effectively would focus equally on the needs of the individual and the needs of the
society. The seven principles were (1) health, (2) command of fundamental processes, (3)
worthy home membership, (4) vocation, (5) citizenship, (6) worthy use of leisure, and (7)
ethical character. In the twenty eight years between the Committee of Ten and the
Commission on the Reorganization of Secondary Education, science education went from
being a disciplinary study designed to develop one's individual mental faculties to one
through which individuals would contribute to a stable, efficient, and smoothly functioning
society.

The next period is referred to as the Progressive Era (1917-1957) by Bybee and
DeBoer (1994). This was the time when the work of John Dewey had great influence.
Still, debate on goals continued to focus on an emphasis on subject matter versus an
emphasis on the application of subject matter. Dewey's major contribution to this debate
apparently was the argument that the methods of science were at least as important, if not
more so, than scientific knowledge.
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Thus, the science education community has been embroiled in controversy over
goals for some time. One study (Anderson, Kahl, Glass, and Smith, 1983) undertook a
meta-analysis of major questions concerning science education. They collected and
analyzed a representative sample of some 300 science education research studies, recorded
the major questions addressed, then classified those questions into some broad categories.
One of their original questions which concerned identifying the goals and priorities of
science education, and was ranked high their estimation of importance, was eliminated
since they could not locate a sufficient number of empirical studies.

Clearly a most influential work is that of Project Synthesis (Harms and Yager,
1981) which drew upon three NSF status studies (one headed by Helgeson that
summarized science education literature from 1957 to 1975, a second by Weiss that
consisted of a national survey on teaching practices and a third by Stake and Easley on
extended on-site visits of eleven case study schools) and the third assessment of science
through the National Assessment of Educational Progress. One aspect of this study,
reported by Harms and Yager (editors) in Volume 3 of What Research Says to the Science
Teacher, (National Science Teachers Association, 1981), developed a data base of journal
articles and publications that specifically discussed the goals and objectives in science
education. The goals were then grouped into a “limited number of goals clusters which
embodied the primary aims of science education as well as could be determined from
existing literature” (page 6). The identified goal clusters were:
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Goal Cluster I: Personal Needs. Science education should prepare individuals
to utilize science for improving their own lives and for coping with an
increasingly technological world.

Goal Cluster II: Societal Issues. Science education should produce informed
citizens prepared to deal responsibly with science-related societal issues.

Goal Cluster III: Academic Preparation. Science education should allow
students who are likely to pursue science academically as well as
professionally to acquire the academic knowledge appropriate for their own
needs.

Goal Cluster IV: Career Education/Awareness. Science education should
give all students an awareness of the nature and scope of a wide variety of
science and technology-related careers open to students of varying aptitudes
and interests.

Although no recommended allocation of curricular time to each of these clusters
was given, Harms stated that clusters I (Personal Needs), II (Societal Issues), and IV
(Career Education/Awareness) are largely ignored. Yager, in Harms and Yager (1981),
does insinuate that the goals clusters are desired states, thus lending support to the equal
importance of each of these "desired states". A candid observation made by Kahl and
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Harms in Section II. Project Synthesis: Purpose, Organization and Procedures was that
most of the Project Synthesis team members were more adept at questions pertaining to
how to teach science than with questions regarding what to teach or why.

An underlying assumption of Project Synthesis was that the science education
literature is a true reflection of educational beliefs of the science education community as a
whole - that no one school of thought is preeminent to the exclusion of any others, that
the four goal clusters are general enough to include all thoughts on goals and objectives,
yet specific enough to create just four categories. It is remarkable that these four
categories approximate those noted by Aristotle two and one half centuries ago (‘Useful in
Life' Personal Needs, 'Virtue' Societal Issues, and 'Higher Knowledge' Academic
Preparation).

It is also important to bear in mind that a high correlation between stated goals and
actual practices is uncommon. Bybee and DeBoer (1994) argue that goals and rationales
provide a direction and an argument for moving in a certain direction, but must not be
viewed as statements describing practice.

Upon recognizing these four goal clusters or pillars of science education, questions
emerge as to their acceptability by the general public, their usefulness in curriculum
planning, and the relative importance each is given in the K-12 science education
classroom. Yager and Penick (1988) addressed some of these questions by having fifteen
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science educators across the U.S. query at least fifty members of service clubs or
community groups in their respective communities. Respondents were asked the relative
importance of the four goal clusters across the K-12 curriculum (K-3, 4-6, 7-9, and 1012). This was done in 1976, 1980, 1984 and 1986. Although the shifting of relative
importance among the four clusters is interesting, the major finding was that the
importance of studying science as preparation for studying science further is perceived as a
most important goal which changes little across grade levels or time. Clearly, based on
this study, the dominant goal of K-12 science education is for further study of science.

In an earlier publication (Pogge and Yager, 1987), the authors described a similar
study in which science supervisors were asked to administer a brief questionnaire to
service clubs. This was done in 1982 (108 supervisors reaching 5,400 club members) and
in 1984 (147 supervisors reaching 8,291 club members). The questionnaire described the
four goal clusters which the authors identified as "desired-state conditions." (page 221).
The data presented (again clustered as K-3, 4-6, 7-9, and 10-12) do reveal changes of
perception between the grade range clusters and the years of the study. Recognizing that
these may be two totally different populations surveyed (worst case scenario), what can be
gleaned from the study is this: the perceived importance of career awareness grew at each
grade level and was followed closely by societal issues. This increased emphasis came at
the expense of personal needs and, to a much more limited extent, academic preparation.
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Staver and Bay (1987) analyzed elementary science textbooks to determine the
influence of the Project Synthesis goal clusters. Units were randomly selected and each
declarative and interrogative sentence was classified as academic, personal, career or
societal in its focus. Illustrations and activity/experiments were similarly classified. They
found that most text prose centered on academic science with the major amount of
remaining text focusing on the personal goal cluster. The career and societal goal clusters
received little attention. The illustrations and activities/experiments displayed the same
pattern, though slightly more focused on academics. The authors also examined units for
the level of inquiry in activities/experiments and found inquiry to be absent or very limited
in text activities. In addition, only a minor portion of space was allocated to
activities/experiments. Their conclusion was that academic preparation remains the
dominant goal and that goals relevant to personal needs, societal issues and career
education/awareness remain largely ignored.

With textbooks cited as the dominant factor in science instruction, Staver and Bay
lament the future of science education until science textbooks radically change. While it is
true that this article was written seven years ago, it is common to find science textbooks
with 1977-1984 copyright dates still in use.
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Analysis of Goals since Project Synthesis

Berkheimer and Lott (1984) surveyed the perceptions of 195 science educators
from 9 different universities and colleges regarding science education objectives.
Generally, the respondents agreed that time allocated to concept development should
increase as grade levels increase over the K-12 range, while time allocated to process and
inquiry (concept development and process and inquiry skills are roughly equivalent to
Project Synthesis' Academic Preparation) should decrease with application to everyday life
(equivalent to Project Synthesis' Personal Needs) remaining fairly constant. Science based
societal studies (equivalent to Project Synthesis' Societal Issues) should increase over the
K-12 range, but still not exceed 25% in secondary school science subjects. No mention
was made of the fourth Project Synthesis goals cluster of Career Education/Awareness.

Nine categories of disagreement were described in this study. One category was
titled science literacy, but described as "...whether the major purpose of science education
in grades K-12 is a development of scientific literacy or the science content preparation for
future science courses." (page 110) This group was unable to reach agreement on the
major goal of science education. The need was expressed, however, for the development
of courses, especially for the secondary school level, that have the result of creating
scientifically literate citizens, but in addition to high school biology, chemistry and physics.
Two interpretations of this are possible. One is that traditional high school science
courses lead to scientific literacy, so no further curricular work is necessary to achieve this
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goal. If this were true, why would the category of disagreement have cited the dilemma of
scientific literacy versus content preparation? Perhaps scientific literacy is defined as
having an extensive scientific vocabulary. The second interpretation is that scientific
literacy is the goal for some while scientific literacy and academic preparation is the goal
for others.

Bybee and DeBoer (1994) undertook a project similar to Project Synthesis by
examining the goals for science curriculum. They reported two ways goals could be
defined, first as student outcome goals or focusing on what is to be learned, and second as
the ends to which the outcomes apply. The former outcomes are the acquisition of (1)
scientific knowledge, (2) the processes or methods of science and (3) the "understanding]
of the applications of science, especially between science and society and sciencetechnology-society" (page 357). The latter view of outcomes define the goals as "(1)
personal development, ...; (2) social efficiency and effectiveness, ...; (3) the development
of science itself, ...; and (4) national security, ...” (page 358). Interestingly, there is fair
correspondence between this report and that of Project Synthesis.
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Bybee and DeBoer

Project Synthesis

Personal development

Personal needs

Social efficiency and effectiveness

Social issues

Development of science itself

Academic preparation

National security

(no match)

(no match)

Career education and awareness

Zeitler (1984) examined the backgrounds and attitudes of pre-service elementary
teachers about teaching children science. Not surprisingly, he found that if pre-service
elementary teachers believe science instruction has a purpose and value, science will be
taught in an exciting and dynamic way. Purposes upon which at least 20% of pre-service
teachers agreed were: teaching science information (58%); developing an awareness of the
world (38%); and, teaching problem solving (23%). Six other categories of purposes had
less than a 15% agreement rate. These included teaching science processes (10%);
teaching the benefits of science to society (7%); as preparation for future science courses
(7%); developing a positive attitude toward science (7%); developing student curiosity
(5%); and, miscellaneous (15%). This has importance for at least three reasons. First,
these pre-service teachers could be viewed as an educated part of society, albeit a
somewhat prejudiced one, that reconfirm the expectation that science is taught primarily
for the factual information. Second, they do also reconfirm the desire to have science be
more than facts, that science education provide some context for everyday life and an
opportunity to use problem solving skills. Third, knowing the conceptions of these people
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entering the profession allows the construction of knowledge to be tailored to the
instructor's desires.

Fensham (1983) identified five broad categories of concerns, which are the
equivalent of goals, for primary and secondary science curricula. His categories are: "1.
concerns for the factual and theoretical (conceptual) knowledge of science, 2. concerns for
the process of scientific investigation and reasoning, 3. concerns for practical (laboratory)
investigations in science, 4. concerns for attitudes towards science and attitudes associated
with science, and, 5. concerns for the relation of science to society." (page 5)

Popular Literature

A very widely read popular publication dealing with science education is a book
entitled Science Matters: Achieving Scientific Literacy (Hazen and Trefil, 1991). The
junior author, in fact, co-wrote Cultural Literacy: What Every American Needs To Know
withE. D. Hirsch (1987). Science Matters purports to provide all the science one needs
to be considered scientifically literate, which is defined as the knowledge needed to
understand public issues, i.e., the news of the day, be it genetic engineering or atmospheric
ozone holes. Scientific literacy is "a mix of facts, vocabulary, concepts, history, and
philosophy." (page xii) While the authors recognized that this definition "is going to seem
rather minimal, perhaps even totally inadequate, to some scholars..." (page xii), they
nevertheless define it so. Their further elaboration of "[y]ou need to know some facts, to
be familiar with some general concepts, to know a little about how science works and how
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it comes to conclusions, and to know a little about scientists as people” (page xix)
provides minimal clarification.

Science Matters is built around eighteen general principles that are absolutely
essential to understanding science according to the authors. The eighteen principles, bold¬
faced and in large font size in the text of the book, are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

The universe is regular and predictable.
Energy is conserved and always goes from more useful to less useful forms.
Electricity and magnetism are two aspects of the same force.
Everything is made up of atoms.
Everything comes in discrete units, and you can't measure anything without
changing it.
Atoms are bound by electron glue.
The way a material behaves depends on how its atoms are arranged.
Nuclear energy comes from the conversion of mass.
Everything is really made of quarks and leptons.
Stars live and die.
The universe was bom at a specific time in the past, and it has been expanding ever
since.
Every observer sees the same laws of nature.
The surface of the earth is constantly changing.
Everything on the earth operates in cycles.
All living things are made from cells, the chemical factories of life.
All life is based on the same genetic code.
All forms of life evolved by natural selection.
All life is connected.

These authors thus equate scientific literacy with knowledge of their eighteen key
principles and equate literacy with knowledge of facts (factual knowledge being the
smaller components of conceptual knowledge). This somewhat counters their earlier
definition of scientific literacy as taking newspaper headlines and putting them in
meaningful contexts.
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To survey the degrees of scientific literacy, the authors report that they asked a
group of 24 physicists and geologists to explain the difference between DNA and RNA.
When only three could do so, they cite this as an example of scientists being scientifically
illiterate. Thus the standard of being scientifically literate seems to be correctly answering
one question on a relatively obscure (to everyday living) fact. The next question becomes
how many of these questions - and which questions - should one be able to answer to be
deemed scientifically literate. And if scientifically literacy is "the knowledge you need to
understand public issues" (page xii), how is this type of question allowed to measure
scientific literacy?

Professional Literature

Three current efforts summarize the present movements in science education.
Science for All Americans (Rutherford and Ahlgren, 1990) and Benchmarks for Science
Literacy (American Association for the Advancement of Science, 1993) state the direction
led by the American Association for the Advancement of Science (AAAS). The National
Science Education Standards developed through the National Academies of Science,
National Research Council is a separate, but somewhat similar effort. The Scope,
Sequence and Coordination project of the National Science Teachers Association presents
a somewhat different position.
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Science for All Americans was published in 1990 and is the result of five 'Project
2061' topical scientific panels. These panels met over a period of two years "...to address
the question of what science, mathematics, and technology students should understand..."
(page xix) and prepared and submitted reports to the National Council on Science and
Technology Education that served as the basis for the nationally released Science for All
Americans.

This book is "...a set of recommendations on what understandings and ways of
thinking are essential for all citizens in a world shaped by science and technology..." (page
v) By stating both "understandings" and "ways of thinking", this document apparently
equally values content and process. By stating "all citizens", it strives for equal
opportunity to learn, not just for select populations of students. In fact, by using the word
"citizens", it moves beyond the K-12 student population to all residents.

In Science for All Americans, the goal of education as having "no higher purpose
than preparing people to lead personally fulfilling and responsible lives" (page v) is put
forth. The authors expand on this by explaining that science education should "... help
students to develop the understandings and habits of mind they need to become
compassionate human beings able to think for themselves and to face life head on” and
"equip them also to participate thoughtfully with fellow citizens in building and protecting
a society that is open, decent, and vital." (page v) This seems to center on Project
Synthesis's Personal Needs goal cluster with some overlap into the Societal Issues goal
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cluster. These were not viewed as high priority areas in the earlier reviewed reports and
studies. Rutherford and Ahlgren then define science education as "...meaning education in
science, mathematics, and technology..." (page v). This is a fairly broad definition.

Science for All Americans provides the philosophical underpinnings for the
AAAS's educational mission. The Benchmarks for Science Literacy provides the next
level of definition, creating curricular goals by grade clusters (K-2, 3-5, 6-8, and 9-12)
which translate the philosophy into practice.

A second effort of national importance is the creation of the National Science
Education Standards conducted by the National Research Council through its National
Academy of Sciences. Capper (1986) captured their task as "...the critical need for
revision of the science curriculum, but determining what the new goals should be,
portraying the goals in an instructionally meaningful way, and ensuring that the goals
reach classrooms is an enormously difficult, complex, and expensive task." (page 247)
The goals espoused by this work are four in number and fairly general in nature as a result
of the major consensus building necessary to create such a document. The goals "are to
educate students who are able to: (1) use scientific principles and processes appropriately
in making personal decisions; (2) experience the richness and excitement of knowing about
and understanding the natural world; (3) increase their economic productivity; and (4)
engage intelligently in public discourse and debate about matters of scientific and
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technological concern." (page I-Sx) This document also contains science content
standards in K-4, 5-8 and 9-12 grade level clusters.

The third effort. Scope Sequence and Coordination of Secondary School Science,
is being undertaken by the National Science Teachers Association. The overarching goal
of this initiative is to "generate an interest in science during their formative years (...middle
level students...) and encourage them to continue studying science." (page 15, Scope,
Sequence and Coordination of Secondary School Science, Volume 1, The Content Core,
A Guide for Curriculum Designers) The guiding philosophies are not stated in format
comparable to either the National Science Education Standards nor the AAAS works.
Broad defining principles are stated (e.g., NSTA defines scope by saying "A coherent
science curriculum should span all six or seven secondary school years and involve all
students. Curriculum designers should be guided by the "less is more" principle", (page
15) but these provide little concrete guidance. Rather, they discuss possibilities of
coordinating science content via integrated courses, for example, around great ideas of
science or through discipline-based courses that ameliorate the deleterious effects of the
traditional layer cake approach.

While their stated intent is to have more students taking and appreciating more
science, the first product the National Science Teachers Association has produced is its
Content Core. There is little discussion about the science and society, science in student's
everyday life or career education and awareness. This initiative seems aimed at
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reorganizing what is presently done, causing the teachers to revisit and build upon content
strands and deliver more of that content to students. It carefully defines the universe of
scientific thought that might possibly be "covered" in a science curriculum.

Opinion surveys

An unpublished study involving a questionnaire on scientific literacy was prepared
by Champagne, Lovitts and Weiss in 1989. Some 1400 individuals "whose common
characteristic is a professional interest in science education" (including secondary and
post-secondary school science teachers, scientists from higher education, business and
industry, administrators from education, the private sector and government and policy
analysts) were asked to rate the importance of 15 capabilities which define scientific
literacy. The ones considered essential by more than 73% of the respondents were the
ability to:
- 1. read and understand articles about science,
- 2. apply scientific information in personal decision-making,
- 3. engage in scientifically informed discussions, and,
- 4. locate valid scientific information when needed.
The capabilities considered least essential were assessing the appropriateness of the
methodology of an experiment (35% of respondents considered this essential), and
designing an experiment that is a valid test of a hypothesis (30%).
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Disaggregating the populations of people considering the relative importance of
the design of a proper experiment provides the following data: 33% of high school
teachers, 32% of administrators, 28% of college professors, and 23% of scientists believed
that this was essential. This is interesting for at least two reasons. First, this topic is well
covered in large scale elementary and secondary science assessments with the assumption
that this is universally deemed an appropriate, important topic (therefore a goal). This
assumption apparently is true for one third of the high school teachers surveyed, but much
less so for college professors and even less so for scientists. With this being a capability of
relatively low perceived importance, large scale assessments may be having a deleterious
effect by assessing (and presumably promoting the teaching of) this low valued topic. The
second reason is the 10% point difference between the beliefs of high school teachers and
scientists on the importance of proper experimental design. This demonstrates a
considerable divergence of opinions as to the goals of science education between different
populations who should be in agreement.

The authors further state that of the four capabilities most often cited as essential,
only one item purported assessing any of these capabilities was included in the 1986
National Assessment of Educational Progress. Those items which were repeatedly
measured included assessing the methodology of an experiment (2 items) - selected (by
35%) as the second least essential of the fifteen essential capabilities, providing a scientific
explanation for a natural process (6 items) - selected (by 38%) as the third least essential
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capability, and defining basic scientific terms (2 items) - selected (by 42%) as the fourth
least essential capability.

Goals of Secondary School Science

Literature and primary source review

Bybee and DeBoer (1994) cite the establishment of a defined sequence of courses
in high school including general science in the first year followed by biology, physics and
chemistry during the Progressive Era (1917-1957) of American education. While the
sequence was defined, the instructional goals were not. Disagreement continued between
"an emphasis on subject matter (i.e., the knowledge goals) and an emphasis on the
application of subject matter to the lives of the students (i.e., the development goal)..."
(page 369)

Leyden (1984) compares some teacher beliefs to analytical data. His first analysis
concerns the teacher belief that "...students are going to need my course when they get to
college" (page 27) which he refers to as "Myth 1". Following a hypothetical 100 high
school freshmen on a statistical journey through high school and for some into college, he
states that 1.2 students (on average) graduate with a degree in the sciences or science
education in eight years. In striving to prepare students for 'the next course', the fact that
most will not take 'the next course' is ignored. His belief is that many students do not like
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science because “most of the courses are filled with esoteric abstractions by a teacher who
pretends to be a scientist and thinks of students as future Nobel laureates" (page 30). He
may very well be correct.

Mcintosh and Zeidler (1988) queried middle and high school science teachers on
their beliefs of the goals of science education. They created a continuum with beliefs from
the 1960's at one end and the 1980's at the other - these endpoints were derived from
position statements of the National Science Teachers Association. They stated that the
“goals of science education in the 1960s were characterized by an emphasis on processes
and techniques designed to produce scientists..." (page 93) whereas "...new goals...
address today's need for a scientifically and technologically literate populace" (page 94).
(Interestingly, Ramsey and Howe (1969) conducted a meta-analysis of studies in the
previous ten years (i.e. during the 1960s) on instructional outcomes in a classroom or
classroom-laboratory science setting. Seventy six percent (97 of the 127 studies) "were
directed toward knowledge of content as the prime outcome expected...” (page 62)
Despite the purported emphasis of the 1960s towards process and techniques designed to
produce scientists cited by Mcintosh and Zeidler, the educational research community was
focused on content knowledge as the prime objective.) Mcintosh and Zeidler (1988)
identified the following goals of science education for the late 1980s:

" 1.
Science education courses should primarily be designed to
familiarize all students with the interaction of science, technology and
society.
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2.
The most important knowledge that a science student should have
are those facts, concepts and principles that would be relevant to the
solution of social and technological problems.
3.
The major focus of science education should be geared to preparing
future citizens.
4.
In addition to knowledge acquisition and process skills, science
education should focus upon the affective domain, including ethical and
aesthetic experiences.
5.
Science education should emphasize decision-making skills that
demand divergent thought processes that seek to examine interrelationships
between and among environmental systems.
6.
Science education should be construed as a discipline that is
concerned with the resolution of future societal problems.
7.
Contemporary goals of science education should be
interdisciplinary in nature and defined by the interaction between science,
technology and society.
8.
Science should be presented as value-free, without moral or ethical
issues, in and of itself." (page 96)

The corresponding goals list for the 1960s is as follows.

“1.
Science education courses should be primarily designed to produce
more scientists and engineers to solve scientific problems.
2.
The most important knowledge that a science student should have
are those facts, concepts, and principles that represent the structure of the
discipline taught.
3.
The major focus of science education should be geared to the
training of future scientists.
4.
In addition to knowledge acquisition, science education should
focus upon student experiences with process skills such as inferring,
identifying variables, etc.
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5.
Science education should emphasize inquiry skills that demand
those logical, convergent thought processes that are associated with the
"scientific method" used in investigation.
6.
Science education should be construed as a discipline that
contributes greatly to our present understanding of the world in which we
live.
7.
Contemporary goals of science education should differ within each
discipline biology, chemistry, etc.). That is they should be intrinsically
defined by the nature of the subject area.
8.
Science should be presented as a value laden subject that has both
moral and ethical dimensions." (page 96)

The sixties era centered on the production of more scientists and engineers (to
achieve parity with the Russians), solving current world problems, process skills and
knowledge acquisition, and the intrinsic value of each, separate discipline of science. The
eighties era, conversely, centered on the need for scientific knowledge by all citizens, the
interaction of science, technology and society, future societal problems, and the need for
process skills, content knowledge and the affective domain. The result of the study was
that respondents indicated that contemporary science instruction should equally satisfy the
goals of the 1960s and 1980s.

An interesting point was raised by Ramsey and Howe (1969) in their review of the
studies from the previous ten years emphasizing outcomes from instruction in a classroom
or classroom laboratory setting. The outcomes of instruction they identified were
unremarkable (knowledge attainment, understanding the scientific enterprise, development
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of attitudes, critical thinking, and psychomotor skills), but they determined that the
majority of studies measured instructional aims versus content knowledge attainment. So
whenever an instructional variable was used as the independent variable (e.g., team
teaching or use of audio-visual aids), the measure (dependent variable) was change in
content knowledge. The implications of this are several: one, content knowledge is rather
easily measured as opposed to, say, critical thinking; two, experimentally it is much easier
to manipulate one variable than two; and, three, content knowledge is the most important
outcome (or at least the most reliably quantifiable).

Weiss (1986) analyzed the 1985 National Survey of Science and Mathematics
Education with special reference to the percent of science classes giving heavy emphasis
to particular objectives. Of the eight objectives listed, the highest rank order was learning
basic science concepts, followed by (21 percentage points lower) a tie between developing
a systematic approach to solving problems and becoming aware of the importance of
science in daily life, then inquiry skill development (25 percentage point lower than basic
science concepts) and preparing for further study in science (31 percentage points behind
basic science concept development). This was very consistent between teachers of grades
7-9 and 10-12.

But the answer to the question of why we teach science in secondary schools
remains elusive. Is it for familiarity with scientific vocabulary? Is it for a particular logical
approach to problem solving? Is it for big picture conceptual understanding? Which of
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these provides success for high school students - and is that success defined as an ‘A' in
Physics 201 at the local college? Hurd (1983) succinctly points out "...the issue is: What
knowledge acquired in the past 100 years from various science disciplines should be
selected to provide 160 clock-hours of instruction for a high school course? Not only
should this knowledge be scientifically valid, but it should also satisfy the requirements of
cultural validity." (page 62)

Moffat (1994) disputes the finding by "testing organizations... that students are
taking fewer of the key courses that assure success in college, including 4 years of English
and three or more years of math, social studies, and natural sciences, than they did in the
past." (page 848) What about these courses “assures success in college”? Is this even true?
Are high schools changing to reflect a 'less is more' (i.e. less content in more depth
provides a greater understanding and base than does a sweeping, superficial coverage)
curriculum? And does this lead to colleges finding higher numbers of under prepared
students?

Higher education, too, is caught in the search for goals (Rotberg, 1990; Culotta,
1994) . The content specialist versus content generalist debate is ever present. D. Cronn,
Dean of the College of Science at the University of Maine (personal communication,
1995) seeks faculty members from small institutions since her experience is that they have
a less narrow view of the field and can handle a variety of tasks, from ordering materials to
assembling apparatus. There is also a growing recognition that students in colleges of
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science may be well served by some experience with critical thinking skills in addition to
content knowledge (Service, 1994).

Confusion and uncertainty in goals and objectives was also reported by Gallagher
and Yager (1981). This was the most frequently cited problem for all 144 participants
representing faculty at graduate institutions, graduate students, teachers, supervisors, and
leadership conferees surveyed through a single question - What are the major problems
facing science education today? The data resulted in an emergent set of the six categories:
conceptual problems (5 subcategories), organizational problems (8 subcategories),
teacher-related problems (4 subcategories), student-related problems (4 subcategories),
university-centered problems (5 subcategories), and societal problems (3 subcategories).
Of the top ten problems, three were in the conceptual problem grouping. These were
confusion and uncertainty in goals and objectives (#1), lack of vision and leadership in
schools and universities (#2), and lack of theoretical base for science education (#8). The
highest ranking student-related problem was declining enrollment (#7). Declining student
achievement was reported as a problem by only seven percent, slightly behind lack of
incentives for professional growth as an organizational problem and poor student attitudes
and motivation, each at eight percent.

Using a completely different approach, Baird and Rowsey (1989) administered the
Science Teacher Inventory of Needs (STIN) to Alabama science teachers in grades 7
through 12. Seven hundred ninety seven scan forms were returned. The STIN targets
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seven categories, the first of which is “specifying objectives for science instruction.” (page
274) In this category, none of the needs were statistically significant beyond the moderate
to great need, p<0.01 level. The highest rank order need in this category was ordered at
number 36. Apparently Alabama secondary school science teachers either do not feel the
need to or already clearly understand the objectives of teaching science. Ironically,
especially when compared with the Gallagher and Yager findings discussed above, Baird
and Rowsey found that the highest rank order need was to motivate students to want to
learn science. One can only speculate the denouement of applying the Gallagher and
Yager technique and the Baird and Rowsey technique to two equivalent groups of
Alabama teachers.

College admissions criteria

Although a plethora of sources could be dissected to categorize science
prerequisites as criteria for admission to college, only two major ones were examined.
One is a statement by the California Community Colleges, California State University, and
University of California. The other is College Entrance Examination Board publications.

A statement from the major public institutions of higher education in California
was issued in 1984. It recommends that college-bound high school students take 1 year
each of biology, chemistry and physics and identifies the intellectual skills, attitudes and
qualities that contribute to success in college. The curriculum recommendation of one
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year of biology, chemistry and physics "that is accessible and masterable by all collegebound students" (page 7) is for all high school students planning a baccalaureate
education. The statement continues that all college-bound students "prospective science
and non-science majors alike take the same three core courses, not substituting more
specialized or more simplified courses.” (page 8) A table then supplies the proposed
minimum content in a one year general biology course. It includes the characteristics of
protoplasm, the chemical basis of living things, the structural basis of living things, cellular
energetics, nucleic acids, cellular growth and reproduction, principles of heredity,
taxonomy, animal phyla, other phyla or groups, physiology, ecology, and evolution. The
authors use the New York State Regents High School Examination in Biology as an
example of science questions appropriate for high school students. One is: "Dissection of
an earthworm is normally begun with a cut along a dorsal surface. What is the advantage
of beginning the cut here?
1.

The four-chambered heart will remain in place.

2.

The kidneys will be clearly exposed.

3.

The backbone would be damaged by any other incision.

4.

The ventral nerve cord will not be damaged."

Clearly the goal of such a test is to ensure that students are academically prepared
for the rigor of college science courses and the goal of science education becomes
'academic preparation'. The opening statement about the high school chemistry course
states that the course has two purposes: "(1) to provide a foundation for the further study
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of chemistry; and, (2) to help all students develop an appreciation and understanding of
the power, methods, and limitations of chemistry and its role in an ever-increasingly
technological time in which students will live and work." (page 2) Knowing the proper
dissection of an earthworm probably does not prepare a student for future study nor
enhance appreciation of the aesthetic side of science.

A prevalent assumption cited by Leyden (1984) and Gibbons (1994) is that the
purpose of teaching is to prepare students for their next course in science, to the extreme
that high school teachers say that they are teaching this particular content because their
students will need it for college. With this assumption, the standards for scientific
knowledge should then be set by organizations such as the College Entrance Examination
Board. Indeed, this organization produced its Academic Preparation Series in 1986 which
includes books in English, the Arts, Mathematics, Science, Social Studies, and Foreign
Language. This series was a sequel to the College Board's Educational Equality Project
which published, in 1983, Academic Preparation for College: What Students Need to
Know and Be Able To Do. Academic Preparation in Science was written to expand the
outcomes published in 1983 in greater detail in discrete subject areas. It was also
"intended to work with the broad spectrum of high school students-not just a few students
and not only those currently in the "academic track.” (page 7)

The organization of this book clearly signals its intent. Following several pages of
introductory material on the authoring organization's philosophy, the first detailed section
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is entitled "Laboratory and Mathematical Skills". The subheadings in this section are
"Gathering Scientific Information - Outcome A", "Approaching Scientific Questions
Experimentally - Outcome B", "Organizing and Communicating Results - Outcome C",
"Drawing Conclusions - Outcome D", and "Recognizing the Role of Observation and
Experimentation in Theories - Outcome E". The description under each of these
subheadings is rich and full, and its placement as the first section demonstrates its relative
importance.

One third of the way into the book appears the final outcome entitled
"Fundamental Concepts -Outcome F”. This is written in very broad terms (e.g.,
“Understanding in some depth of the unifying concepts of the life and physical sciences",
page 33) and consists of less than two pages.

Five outcomes are devoted to the inquiry skill development of students - ranging
from observing and describing objects and phenomena to recognizing the role of these in
the development of scientific theory. One outcome is devoted to the underlying concepts
of the life and physical sciences - and the text does not attempt to identify these concepts.
So it would seem that the College Entrance Examination Board prefers that science
teachers prepare their students by concentrating (5/6's) on skill development with some
(1/6) attention paid to concept development. One must wonder if their examinations
reflect this preference.
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Opinion Survey of Maine Secondary Science Teachers

In the Spring of 1993, the Maine Department of Education issued a special science
questionnaire with its secondary Maine Educational Assessment forms. This questionnaire
directed test coordinators to distribute it to all science teachers in their school and to
collect and return them when they were completed. One hundred twenty schools (out of
one hundred sixty schools) returned completed forms with five hundred sixty three
individual teacher responses. Data were gathered on subjects including classroom practice
(eg., type of student grouping), teaching experience (eg., number of years of teaching),
teaching assignment, certification, science background, and science education goals and
alignment of classroom practice. The variable of teaching assignment allows for data
sorting by chemistry versus non-chemistry teachers, but the data discussed presently are
for the aggregated sample. Data disaggregated by teaching assignment will be discussed
in the next section.

A section of the questionnaire began with the wording, “Below are four goals for
science education from the NSF funded Project Synthesis in the early 70s. Please read all
four bold-faced goals then react to the questions.” The Project Synthesis goal clusters
were taken verbatim from Harms and Yager, 1981, but the order was randomized. After
the goal was stated, teachers were asked in a Likert-type format for their level of
agreement - strongly agree, agree, uncertain, disagree or strongly disagree, with each goal.
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Then they were asked for the level of alignment of their school's science program with the
associated goal statement.

The following table displays the responses for secondary school science teachers
teaching all science courses.

Table 1 The science education goal selection by Maine secondary school science teachers
and the alignment of the goals with their science program. (n=563)

Societal Issues

Career Educ/aware

Academic Prep.

Personal
Needs

#

%

#

%

#

%

#

%

S. agree

383

71

329

61

444

82

419

77

Agree

151

29

197

36

88

16

121

22

Uncrt’n

2

1

12

2

9

2

1

1

Disagre

2

1

3

1

1

1

1

1

S. Disag

4

1

2

1

1

1

1

1

H. align

110

20

67

12

299

59

97

18

S. align

355

66

318

59

206

40

331

61

M. align

70

13

148

27

3

1

111

20

Not alig

7

1

9

2

3

1

6

1

No resp

0

0

1

1

0

0

0

0
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(Note: S. agree = Strongly agree, Uncrt'n = Uncertain, Disagre = Disagree, S. disag =
Strongly disagree, No resp = No response, H. align = Highly aligned, S. align =
Somewhat aligned, M. align = Marginally aligned. Not alig = Not aligned at all)

Based on teachers responding in strong agreement, each of the four goals is
important, with a rank ordering of academic preparation, personal needs, societal issues,
and career awareness/education. Combining the strong agreement with agreement
responses brings each to near one hundred percent agreement. Comparing the strongly
agreed upon goals with program alignment yields not unexpected low correspondence.
While one could argue that "your school's science program" may not mean the exact same
as a particular teacher's classroom practice, the responding teachers were doing so as
individuals and their responses probably were reflective of their practice. Rank ordering
the alignment of science program shows that academic preparation is the most highly
aligned by a great amount (29 percentage points), with societal issues second, personal
needs third and career awareness/education fourth.

Clearly academic preparation, getting students ready for the next course, seems to
be the most important goal and the one with which the curriculum is most highly aligned.
This, then, supports asking the question - does a science program actually prepare a
student for 'the next course'?
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It is interesting to note that teachers reported preparing students for using science
for their own lives was more important than producing informed citizens who could deal
with science-related societal issues. But they also reported, though the difference was
small, that their programs were more closely aligned with science-related societal issues
than personal needs. Although Bybee and DeBoer (1994) imply differently, it may be that
educational goals and practice are synchronous especially when goals are the result of a
major meta-analysis and not a single opinion. This could bear closer scrutiny.

Goals of Secondary School Chemistry

Literature and source review

The sanctioning of the teaching of secondary school chemistry emanates from the
Committee of Ten which issued their report in 1893 (Bybee and DeBoer, 1994). This
committee promoted the teaching of science not for the informational or commercial value
of science, but to develop one's intellect, especially through use of observational and
inductive means.

Examining a chemistry laboratory book of that era (Newell, 1914) demonstrates
that philosophy in place. In the preface the author discusses the organization of the book
as having both regular and supplementary experiments, the regular being those not
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only.... acknowledged as of fundamental value in a general course, but also practical and
novel experiments which emphasize the relation of chemistry to everyday experiences of
students. " (page iii) These regular and supplementary experiments "not only permits the
selection of a sufficient number of experiments adapted to a wide range of equipment, but
also enables teachers to accomplish one or more aims, e.g. giving general mental training,
inculcating the scientific point of view, meeting college preparatory requirements, teaching
the fundamental principles of chemistry, emphasizing relations of chemistry to household
arts and to industries, and utilizing chemistry as a factor in vocational education." (page
iv) Newell (1914) then organizes the 244 experiments into seven listings - List I - General
Course, List II - Shorter Course, List III - College Preparatory Course, List IV -Practical
Course, List V - Food Experiments, List VI - Quantitative Experiments and List VQDemonstration Experiments. (The General Course listing is more rigorous than the
College Preparatory Course listing.) Even the order of these lists is consistent with the
Committee of Ten's preferences for science as a mental art first and academic preparation
second.

Ogden (1975) conducted an extensive review of the literature relative to secondary
school chemistry teaching objectives. He divided the 1918-1972 period into six
subperiods based on selected events in the social, political, or educational situation in the
United States. Subperiod 1 extends from 1918 through the "Cardinal Principles" report
until 1933. Subperiod 2 runs from 1932, the Great Depression, through the entry of the
US in World War II in 1941. This era was marked by Dewey's Progressive Education
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Association's activities. Subperiod 3 includes 1939 through 1946 and covers the duration
of World War II. Subperiod 4 starts from 1945 with the end of World War II and start of
the Cold War and ends with the launching of Sputnik in 1957. Subperiod 5 begins in 1954
with rising debate over "life adjustment education" prevalent through Subperiod 4 and
ends in 1964 with social unrest as exemplified by "growing student unrest as exemplified
by the riots at the University of Califomia-Berkeley". Subperiod 6 spans the 1963-1972
years starting with criticism over the post-Sputnik science curriculum projects and ending
with US withdrawal from Viet Nam. Science and chemical education periodicals were
selected and reviewed for these periods for the four objectives (objectives being defined as
stated outcomes, goals or aims of instruction) of "Knowledge, Process, Attitude &
Interest, or Cultural Awareness." (page 235) He concluded that the emphasis clearly
shifted from Knowledge as preeminent in subperiods 1-3 (1918-1946), to Attitude and
Interest in subperiod 4 and 5 (1945-64), to close to equal distribution among the four
categories in subperiod 6 (1963-1972).

Ogden reported these data by authorship versus category and desegregated the
authorship into all authors, secondary education authors, higher education authors, and
miscellaneous (all other authors). Scrutinizing these data (see Figure 2) for solely the
secondary and higher educators authors and the Knowledge and Process objectives for the
subperiods reveals a continual discontinuity.
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Figure 1 - Percentage classification of statements of objectives by secondary chemistry
teaching found in periodical literature by subperiod, category, and all authorship, (from
Ogden, 1975)
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Thus approaching equality for each of the four categories (seen in Figure 1) is due
more to a reduction of the perception of the need for knowledge objectives as reported by
higher education authors than a leveling of beliefs by secondary education authors. Higher
education authors most frequently reported Attitude and Interest as of utmost importance
for secondary school chemistry whereas secondary educators most frequently cited
Knowledge. Even within the Knowledge category, secondary and higher education
authors differed on the relative importance of objectives. Higher education authors cited
"Major facts, principles, concepts, or fundamentals", which are less detailed than the study
of "Specific topics in chemistry", as the primary Knowledge objective, while secondary
education authors cited "Specific topics in chemistry" which advocates topics such as
"ionization, equations and reactions, or atomic structure" as the most important
Knowledge objective.
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Figure 2 - Percentage classification of statements of objectives of secondary school
chemistry teaching found in periodical literature by subperiod, two levels of category and
two levels of authorship, (from Ogden, 1975)

It is interesting to note that, while Ogden's article abstracted objectives from 975
articles, only ten articles were cited in the reference section. The work is difficult to
replicate without a complete bibliography.

Reviewing more recent literature shows that the discrepancy between the desired
state and the actual state persists and, indeed, the desired state has yet to be defined and
accepted. Work by Gabel from Indiana University (1983), for example, attempts to build
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on the desired states identified in Project Synthesis, yet suggests a misunderstanding of
that work. Gabel cites the cluster of goals for Project Synthesis as the basic assumptions
that chemists and chemical educators should make about what chemical education should
accomplish. She states these as:
" 1.

Students should understand the nature of scientific enterprise.

2.

Students should have a sense of what chemists do. Career education is an

important educational objective.
3.

Students should be familiar with the "matter" that surrounds them.

4.

Students should be able to sort out sensible statements from nonsensical ones."

(page 893)

Her statement #1 only very loosely, if at all, corresponds to Project Synthesis's academic
preparation goal. Statement #2 overlaps Project Synthesis’s career education/awareness
goal. Statement #3 approximates Project Synthesis's personal needs goal, albeit loosely.
Statement #4 corresponds to the societal issues goal of Project Synthesis. However,
Gabel's intent was to invoke the four cluster goals of Project Synthesis as the basis of high
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school chemistry. Ironically, though consistent with data presented by Ogden (1975),
Gabel minimizes the importance of the goal of academic preparation.

Bank (1989), a high school teacher, reports on the goals her school has set for all
students in chemistry and the additional goals for science-oriented students. All students
are expected to have:
an understanding of the conservation laws and how they apply to chemical
reactions.
- an appreciation of the historical development of our knowledge of atomic
structure and the periodic table.
- an appreciation of how atomic structure and the periodic table relate to chemical
reactivity and bonding.
- a basic understanding of the kinetic molecular theory and the ideal gas law.
- an appreciation of elementary thermodynamics, equilibrium, chemical kinetics,
electrochemistry, and oxidation-reduction.
- some understanding of how substances behave in solution, including colligative
properties, ionization, dissociation, and acids and bases.
- some knowledge of descriptive inorganic, organic and nuclear chemistry.
- a basic idea of how scientists work and the potential of chemistry in solving
today's problems.
- the ability to carry out quantitative laboratory experiments involving the use of
such measuring devices as the balance, buret, pipet, graduated cylinder,
thermometer, barometer, etc.
- the ability to make descriptive observations in the laboratory and to draw
conclusions from these observations.
- the ability to perform tests to identify selected cations and anions.” (page 726)
In addition, science-oriented students shall have:
“- a greater depth of understanding of atomic structure, the periodic table, and
chemical bonding including hybridization of bonds and shapes of molecules and
ions.
- the ability to balance equations, including oxidation-reduction equations, and
work problems based on stoichiometry and the ideal gas law.
- a basic understanding of elementary thermodynamics, electrochemistry,
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equilibrium, and kinetics.
- the ability to solve problems based on simple thermodynamics, the colligative
properties of substances in solution, and molarity, and normality." (page 726)

The difference in expectations between Gabel and Bank is great. This further
supports the dichotomy of objectives, goals or outcomes between these two
interconnected (i.e., high school chemistry and college chemistry) groups.

Interestingly, at Westminster (CO) High School, where Bank teaches, the grading
system has been changed to reflect the fact that they "cover much more material than is
usual." (page 727) This coverage is vital to them as exemplified by the statement "It is our
feeling that it is better for a student to learn 50% of 100% of the material than 70% or
even 80% of 60% or less of the material." (page 727) This statement runs counter to the
current philosophy of'less is more’ and would seem ripe for corroboration. Her
concluding statements indicate that Westminster High has been using this system for 20
years with no student complaint, and that of those students who go on in chemistry in
college, "very few, if any, receive lower grades than they earned in high school. In fact,
some even receive higher grades in college." (page 727) These anecdotal reports seems to
be the only evidence they have that their curriculum is effective and noteworthy.

Rouse (1981) undertook a study to establish the minimum ideas or concepts that
secondary and tertiary teachers could agree on as necessary for every student completing a
secondary school chemistry course. He distributed 300 questionnaires consisting of 24
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items (many with sub-items; for example, one item asked about the student performing
calculations relating to: density, formula mass, moles, percent composition, stoichiometric
problems, enthalpy, gas laws, molecular weight, and molarity as individual objectives) to
secondary and tertiary chemistry teachers. Rouse reported that consensus was difficult to
reach on which objective should and should not be considered minimal. He found two
schools of thought, one represented by most of the tertiary teachers who considered all of
the objectives important enough to be considered minimal requirements. The second
school of thought consisted of both secondary and tertiary level teachers and centered on
the belief that high school chemistry should build a student’s interest rather than simply be
college preparatory work.

This conflicts with earlier cited work and may be explainable by two factors. First,
although 300 questionnaires were distributed, 150 were returned. No information was
offered on the secondary:tertiary ratio of the returned questionnaires. A preponderance of
tertiary level teacher responses could have skewed the results, though this still runs
counter to the earlier work that indicates tertiary level instructors are not as content
intensive as high school instructors. The second variable is more important in this regard.
Although the article's introduction discusses high school chemistry as probably the last
chemistry for many of these students and refers to non-science-oriented students, the
questionnaire asks only knowledge based questions. Items such as "3. The student will be
able to convert from one metric unit to another." and "22. The student will be able to
name common compounds given their formulas such as hydrochloric acid, sulfuric acid,
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sodium hydroxide, water and carbon dioxide." (page 715) are low level knowledge items,
especially when compared to Bank's (1982) "an appreciation of elementary
thermodynamics, equilibrium, chemical kinetics, electrochemistry, and oxidationreduction." (page 726) Rouse also defined chemistry basic learning objectives as simply
knowledge by having only those options on the questionnaire. Had he included some
other major headings, for example Attitude and Interest or Inquiry Skills with individual
objectives under each, he probably would have obtained different results (and a
questionnaire few would have completed due to its length).

Razali (1986) compared the perception of the importance of high school chemistry
of college professors and high school teachers. He, too, reported a gap in perception
where high school teachers perceived the mastery of chemistry knowledge as vital
preparation for college chemistry whereas college instructors perceived the acquisition of
certain personal attributes as more important than specific knowledge of chemistry. He
found that college professors cited that imparting strategies of learning, motivation and
interest in science, ability to read and write, an inquisitiveness, etc., were more important
than acquisition of knowledge.

Similar work was undertaken by Walker (1982) who surveyed over 140 high
school and junior college chemistry teachers. The high school group was given a list of 50
lecture topics and asked to indicate which were taught in their typical class and the junior
college teachers were given the same list and asked to indicate which topics they assumed
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were taught in a typical high school chemistry course. The findings revealed that a
majority of high school teachers (80%) could not agree on over half of the lecture topics
and that a majority (80%) of junior college teachers assumed only about a third of the
topics were included in high school chemistry. In a significant understatement. Walker
says "[t]he data indicate that high school chemistry teachers do not agree on the topics to
be included in the high school chemistry course and that junior college chemistry teachers
are incorrect in their overall assumptions of what is taught in the high school chemistry
course.” (page 514)

Walford (1983), when discussing high school chemistry, succinctly identifies the
argument as "two conflicting demands: (1) to prepare the student who intends to continue
at the college level and (2) to educate the large bulk of students who do not plan a
science-related career and who may wish to enroll in their one and only chemistry course."
(page 1054) He then states his personal belief that "...the high school course should be
designed to be of maximum benefit to the students as they prepare for their future lives. It
should not be tailored to benefit the college chemistry professor or a possible future
employer.” (page 1054)

In a most recent event, Flam (1994) describes “a sweeping proposal to the
National Science Foundation to create a new (undergraduate) curriculum., .based around
five areas" (page 870) for a chemistry curriculum for the 21st century. These areas
provide a de facto list of goals and are:
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"Discovery-based and open-ended labs.
Topic-oriented approach.
Use of information technology.
Better connection among disciplines.
Active/cooperative learning." (page 870)

The goals have seemingly shifted away from academic preparation to societal
issues and personal needs. Presumably the new curriculum will have a strong evaluation
component to allow for assessment of this curriculum in satisfying all the goals of a
secondary school chemistry curriculum.

Five Systemic Reform Initiatives in undergraduate chemistry are being funded by
the National Science Foundation (Russell, 1997). These initiatives seem to be focused on
newer instructional paradigms such as communities of learners and learning cycle models.

Putting aside for a moment the dispute about the goals of secondary school
chemistry forces the question of the developmental readiness of high school students for
the level of abstraction necessary for that subject. The epistemological basis of chemistry
is heavily weighted toward formal operations, considering standard high school chemistry
topics such as electron shell orbitals and stoichiometry.
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There is a great deal yet to be learned concerning the developmental level of the
learner in secondary science. Lawson and Renner (1975) isolated the major concepts
taught in high school biology, chemistry, and physics and classified them as concrete or
formal. They report that this had not been previously done and found that the majority of
the concepts were formal. Sayre and Ball (1975) reported on similar work. They
interviewed and assessed students to determine their cognitive developmental level, then
correlated this with their science grades. Sayre and Ball constructed the Piagetian Task
Instrument (PTI) to assess the student performance level. The PTI consisted of five tasks
and report face validity since the tasks were modified from Piagetian researchers (such as
"Stickmen"). Students successfully completing at least four of the tasks were classified as
formal operational. Students successfully completing three or fewer were classified as
nonformal operational. They found that nonformal operational students received lower
grades than did formal students, both at junior and senior high school. This, then,
supports another variable for ‘success' in high school science: not only must the content
and affective goals be described, but the developmental level of the student may be a
limiting factor. Perhaps success in college science classes is due simply to the
developmental readiness of the students and has little to do with the 'academic preparation'
of previous course work or other instructional goal.

Chandran et al (1987) examined the role of formal reasoning ability, prior
knowledge, field dependence/independence, and memory capacity on chemistry
achievement. Formal reasoning ability was assessed by the Test of Logical Thinking
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which is a paper and pencil test of 10 items based on five reasoning modes including
proportional reasoning, controlling variables, correlational reasoning, probabilistic
reasoning, and combinational reasoning. Prior knowledge was assessed by a 20 item
multiple choice test. Field dependence/independence was assessed as a timed test in which
the student was to locate and outline simple figures concealed in complex ones. Memory
capacity was measured by the Figural Intersection Test on which the student must "place a
point marking the intersection from two to eight overlapping figures. An item with eight
overlapping figures requires a memory capacity of seven for successful completion, while
an item with seven overlapping figures requires a memory capacity of six and so on."
(page 149) To assess achievement in chemistry, three tests were developed to examine
laboratory application, chemical calculations and content knowledge.

Formal reasoning ability correlated significantly (p<0.001) with the achievement
measures. Prior knowledge also correlated significantly (p<0.001) with the achievement
but with somewhat lower correlations.

Two implications were reported from this work. One is that cognitive limitations
of learners appears to inhibit chemistry achievement for many high school students. The
curricular goals must be consistent with the developmental level of the students. Once
goals have been established, curriculum built around cognition must be constructed. A
second implication emerged when this work was combined with some earlier work (Tobin
and Gallagher, 1985) that found that students who do participate in whole class settings
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tend to be high formal thinkers. Typical chemistry education instructional strategies of
large group lectures and teams of students replicating classic chemistry experiments
without reflective discussion should be questioned since a relatively small number of
students flourish under these methods.

This area deserves a more complete investigation after the desired outcomes of a
science curriculum have been established and accepted.

The seeming omnipresence of the beliefs that high school science is taught as
preparation for college science and that high school chemistry is taught as preparation for
college chemistry (Krajcik and Yager, 1987; Razali, 1986; Neidzielski and Walmsley,
1982) begs examination. The interplay with the earlier section on goals of secondary
school chemistry is obvious, but these pernicious beliefs clouds any further discussion of
goals or developmental appropriateness.

From his questionnaire designed to assess the topics college chemistry teachers
assume high school chemistry teachers teach. Walker (1982) cites numerous written
comments from the college teachers to the effect that, "I make no assumptions about the
past chemistry experience of my students, I teach the course at a beginning level." (page
514)
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Gabel (1983), when discussing the all inclusive nature of high school chemistry
textbooks and the encouragement given to high school teachers by textbook authors to
select topics based on their needs, states "[i]t is difficult for them to know which topics are
prerequisites for others in the concept development of a given text or which topics they
must cover to meet the expectations of chemistry professors of freshman college chemistry
courses." (page 894) The first part of this quote speaks to the chemistry knowledge level
of the instructors, be they high school or college. The assumption a teacher probably
makes is that the textbook author has carefully researched cognitive factors, content
issues, instructional strategies, learning styles and other educational issues and balanced
these with the desired outcomes of the textbook. With this strong research base, the order
of the chapters must be a carefully considered one to be closely followed. The second half
of the quote reveals the perception that the high school course prepares one to ‘meet the
expectations' of the college professor.

This sentiment as preparation for college is taken further by Bank (1989) who
describes a fairly common story that "[m]any of our students who go on to college
chemistry come back to tell us how well prepared they were and how they often end up
helping other students in their classes who were not as well prepared." (page 727) While
recognizing the value of qualitative research, one cannot accept this sporadic anecdotal
evidence as data nor even informative. First, it represents a relatively small number going
on to college chemistry as demonstrated by Leyden (1984), and success could be due
more to operational level than previous course experience. Second, it is rare for a student
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to return to a high school at all, unless she or he is one of the best, and less frequent if that
person did not take high school chemistry but did well in college chemistry. It would be
even rarer if the high school chemistry teacher had data to show proof or denial beyond
anecdotal comments.

While Razali (1986) also finds that high school teachers perceive the importance of
mastery of chemistry knowledge as necessary for college chemistry, he notes that college
professors (and science educators) perceive the acquisition of "certain personal attributes"
as the more important preparation. Krajcik and Yager (1987) state this more emphatically
by saying “[h]igh school chemistry probably does not have to be taught as a college
preparatory course for high ability students headed for science-related careers. High
ability students appear to have the prerequisite skills necessary to complete college
chemistry successfully.” (page 435)

A variety of factors have been suggested and investigated as predictors of success
relating to a first course in college chemistry. These have included high school grades in
science and mathematics courses, overall and specialized scholastic ability test scores,
performance on specially prepared local and national examinations and the completion or
non-completion of a high school chemistry course. Each predictor provides a bit of data
and fosters a number of questions.
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Naibert (1964) and Fletcher (1978) examined multiple factors to create a
predictor. Naibert created a prediction equation which had a multiple correlation
coefficient of 0.588 and was significant at the 0.01 level. The equation was Y = 0.289(Xi)
+ 0.0455(Xii) + 0.0214(Xiii) + 0.0268(Xiv) where Y = the estimated grade in college
chemistry, Xi the number of semesters of high school chemistry, Xii the average high
school mathematics grade, Xiii = the New York State Regents Chemistry Exam score and
Xiv = the New York State Regents Physics Exam score. For a single predictor, however,
he found that the average of grades in all high school mathematics courses taken was the
most important. He does state that these conclusions do neglect other variables and must
be highly qualified and are even then questionable. Applying common sense to the factors
in Naibert’s equation raises some perplexing questions. First, it is likely that most high
school students will take no more than 2 semesters of high school chemistry. That
provides the value of only 0.578, or half a grade point. Second, if a student has taken
both the Regents Chemistry and Physics exams, he or she is an exceptional student. This
must be one of those other variables which Naibert notes. Third, the Regents Physics
Exam factor has a greater coefficient than does the Regents Chemistry Exam factor. This
means that achievement in high school physics has a better predictive power for college
chemistry success than does achievement in high school chemistry. Fourth, by using
standardized exam scores, Naibert is avoiding subjective course grades, yet he finds that
the average grade of high school mathematics courses is the most important single
predictor. High school science course grades apparently were not considered for this
study.
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Fletcher (1978) looked at eight variables to locate a satisfactory predictor of
success. These variable were (1) ACT subtest in natural science; (2) ACT subtest in
mathematics; (3) ACT composite score; (4) final course grade in high school chemistry;
(5) final course grade in high school physics; (6) high school grade point average; (7) final
course grade in high school Algebra II; and, (8) final course grades in high school senior
mathematics. These variables were applied to 138 randomly selected (from a population
of 702) students enrolled in freshman chemistry at Tennessee Technological University.
He found that the single best predictor was the ACT composite score (simple Pearson
product-moment correlation of 0.66). Fletcher did dissagregate his data which allowed
for closer scrutiny, especially in the relationship of high school science and successful
completion of this freshman chemistry course. This will be more fully discussed below.

Schelar, Cluff and Roth (1963) undertook a study similar to Fletcher's (actually
predating it by 15 years) on entering students taking first year college Chemistry 210 and
their scores on the ACT mathematics test, the School and College Ability Tests (SCAT)
and a self-constructed Chemistry Placement Test. These authors found that the ACT
mathematics test score had a high correlation (0.755) but their Chemistry Placement Test
had a better one (0.926). The Chemistry Placement Test consisted of three parts:
arithmetic and chemical problems; unfamiliar scientific material which students read and
answered question about; and, a “factual part based on recall of high school chemistry",
(page 369)
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A simple correlation was calculated by Ozsogomonyan and Loflus (1979) between
first year college Chemistry 1A grade and high school chemistry grade, author created
chemistry pretest score, author created algebra pretest score, and SAT math score. They
found the best correlation with the SAT math score (0.5071), followed by the chemistry
pretest (0.4158), high school chemistry grade (0.3766) and algebra pretest (0.2121).
Interestingly, their self-created chemistry pretest consisted of just 5 tasks and students
were limited to ten minutes completion time.

“1 a. (1 point) Given H=1 and N=14, what is the molecular weight of NH3?
1. b.
(3 points) How many moles ofNH3 are there in 8.5 grams of NH3?
2.
(4 points) How many moles of A1203 can be produced by reacting 5 moles of
aluminum with excess oxygen, knowing 4A1 + 302=> 2A1203?
3.
(2 points) Balance the following equation: N2 + H2 => NH3.
4.
(5 points) 5x6=270/X. X=3; 8.1; 9; 8100; or, none of these
5.
(5 points) X - 5xl2 = 7.6xl3. X = 3; 8.1; 9; 8100; or, none of these" (page 173)
Considering the personal expense of students in dollars and stress, this pretest does almost
as well as the SAT mathematics section for its predictive power.

Specific nationally normed tests are available in chemistry and were designed to
identify reasonable performances by average students. One of these was the Toledo
Chemistry Placement Examination (TCPE) which was developed at the University of
Toledo by Hovey and Krohn (1958). It was a 67 item multiple choice test consisting of
parts in arithmetic and algebra, general knowledge, formulas and nomenclature, equations,
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algebraic formulations, and chemical problems. The test was administered to prospective
freshmen who had at least one year of chemistry and who planned to take the regular
general chemistry course. Apparently it was assumed that a year of high school chemistry
is a standard and equal unit of measure. A further examination of this instrument by
Hovey and Krohn (1963) revealed a 0.54 correlation between TCPE score and course
grade. Hovey and Krohn, in their 1963 paper, compared data from California students
(n=2275) with data from Toledo students (n=900) to establish geographical validity.
Unfortunately, the California and the Toledo data did not include students who had not
taken high school chemistry nor did they follow any students who took a deficiency course
prior to enrolling in a college-level general chemistry course.

Niedzielski and Walmsley (1982) reported that the TCPE, by then accepted as an
American Chemical Society Cooperative Examination, had been used "by many schools as
an effective predictor of success in a typical General Chemistry course." (page 149) They
examined the relative scores on the six parts of the TCPE to identify the skills high school
teachers needed to stress. In this case, those areas of improvement were in writing
formulas and naming compounds and increased emphasis on basic atomic structure and
descriptive chemistry. These unstated standards, then, set forth what one group has
established as the high school and college chemistry curriculums. But these are unspoken
curriculums. There is very little evidence that high school teacher expectations are similar
to the college teacher's expectations. There is very little evidence that taking high school
chemistry prepares a student for college chemistry. There is probably some evidence that a
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college chemistry teacher at an Ohio university has the same curricular objectives as one in
California. But there certainly is not agreement on curricular objectives for high school
chemistry teachers, or high school science teachers, or teachers in general.

The data relating to the impact of successful completion of high school chemistry
on college chemistry grade are elusive and spare. Schelar et al (1963), in discussion of
various predictors they chose, referred to a related study that showed that there was not a
"significant positive relationship between completion of high school chemistry and success
in Chem 210 at Northern Illinois University." (page 370) However, this is the only
reference made to that study, and it is presented as "data not shown." (page 370) Ogden
(1976) conducted an extensive review of this topic and reached some startling
conclusions. He claimed that most researchers found credit in high school chemistry to be
of some merit in relation to post-secondary chemistry, but the exact nature of that value
was unknown. He further states that the lack of high school chemistry was not found to
be that detrimental, and that motivation and desire seem to be the best predictor of
success.

Only two studies were identified that reported some data on high school science
background and grade in college chemistry. Ozsogomonyan and Loftus (1979) created a
table of grades in Chem 1 A (college course) versus grade in high school chemistry by
percent. They gave four high school chemistry grade options: A (n=545), B (n=356), C
(n=57), or None (n=88). Although the authors did not discuss these data, students for
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whom no high school chemistry grade was reported did better (i.e., more A's, fewer Fs)
than those who had received a C in high school chemistry. These students achieved
similarly to those who had received a B in high school chemistry. However, the drop out
rates were significantly different with 5% of those who had completed high school
chemistry dropping out compared with 15% of those who had not taken high school
chemistry dropping out.

Fletcher (1978) also reported some disaggregated data, but chose not to discuss
them. He created a table of grade in Chemistry 111 (college course) versus high school
course background. In this instance the options were grades A, B, C, D, or F for
Chemistry 111 and completion of high school chemistry only, completion of high school
chemistry and physics, completion of chemistry, physics and senior math or completion of
physics and senior math. Of those students completing physics and senior math (i.e., no
chemistry), none received an F, 37.5% received a D, 37.5% received a C, 12.5% received
a B, and 12.5% received an A. Recalculating his numbers to combine all those who had
taken chemistry reveals that 16.3% received an F, 24.4% received a D, 25.6% received a
C, 30.2% received a B, and 3.5% received an A. Recognizing the limitations of a
relatively small population (for those not taking chemistry, n=8; for those taking
chemistry, n=86), it is still suggestive of a phenomenon requiring further investigation.

McQuary et al (1952) compared two groups of students in two different settings.
One group, who had not taken high school chemistry, was placed in a 5 credit (1 semester,
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two one-hour lectures, two one-hour quiz-discussion session and two two-hour labs per
week) general chemistry course - Chem la. The second group, who presumably had taken
high school chemistry though this was not explicitly stated, was placed in a 3 credit (two
lectures, one quiz-discussion, and one two-hour lab per week) general chemistry course Chem laHS. The courses used the same text, covered the same material and had identical
exams at the same time. Students from both groups took one common course (titled
Chem lb) the second semester. Although the percentages of final grades of A's were
higher and F's were lower in the Chem 1 aHS, “the average of the two groups together is
about the same as it was in earlier years, when they were both taught in a single 5-credit
course", (page 461) Had they held the first semester course constant and reported on
relative performance in Chem lb, some strong statements could have been made on the
value of high school chemistry as preparation for college chemistry. From this study,
however, it is evident that a student without a high school chemistry course can succeed in
college chemistry if he or she has instructional support additional to the 'regular' chemistry
course. Further, McQuary et al attributed the differences they did find to those students
who took high school chemistry being "as a group superior in all to the students who have
not had high school chemistry" (page 462) based on class rank, mean percentile of the
ACE total score, ACE Quantitative score, ACE Linguistic score and reading
comprehension score.
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Ogden (1976), in reviewing the McQuary et al paper, felt the authors suggested
that the "greater achievement in college chemistry might be due to this innate superiority
rather than due to the residual benefits of any one specific class." (page 125)

Additional information requires the simultaneous discussion of Krajcik and Yager
(1987) and Yager, Snider, and Krajcik (1988) who report on the same study (apparently
the same data set reported in two ways) which was undertaken by the University of Iowa
in the early 1970s. The more complete report is given by Yager et al, but some important
details were included in Krajcik and Yager. The study involved 53 high ability (i.e., were
applicants for this special experimental program, had a high school minimum grade point
average of 3.0, had received A's in high school science, had scored above the 80th
percentile on standardized exams, and had high school teacher and counselor support,
although no indicator of cognitive development was employed) students who had
completed their junior year in high school and were enrolled in a standard first year college
chemistry course in the summer at the University of Iowa. This was done for two years,
the first year with 14 students who had completed high school chemistry and 14 who had
not and the second year with 13 who had completed high school chemistry and 12 who
had not. The same instructor taught both years, using the same textbook, laboratory
book, and examinations as used during the regular college class. Considerable pretest
information was gathered from the students including high school grades, courses and
class rank, degree of support from parents, teachers and school officials, pretest score on
the ACS-NSTA examination, and a score assessing attitudes toward chemistry. Posttest
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information gathered included score on the ACS-NSTA examination, final examination
score, course grade, posttest attitude score and number of hours spent with a tutor. The
groups who had taken high school chemistry scored 10 to 12 points higher on the ACSNSTA pretest. But the students who had not had high school chemistry scored equally
well with those students who had taken high school chemistry on the ACS-NSTA
posttest, final examination scores, and course grade.

The groups of students who had not taken high school chemistry did spend more
time with tutors, but this study strongly suggests no benefit is realized by high school
chemistry mirroring college chemistry. It appears that high school chemistry does little to
prepare a student for college chemistry. Students can achieve equally in eight weeks in a
college setting whether they have had high school chemistry or not, providing some
tutoring or extra help is available. And the study shows that there is no difference in
attitude between the two groups after the college course.

The implications of this are astounding. While the Iowa researchers were working
with a select group, the study clearly questions the teaching of high school chemistry and
implicates the whole of the high school science curriculum and the basic belief of teachers
that 'they'll need this course for the next one they take.' Data that are available do not
substantiate the expectation that high school science prepares students for college science.
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Throughout the whole of this, the assumption has been made that high school
chemistry is a constant. When a student who has taken chemistry applies to college, the
transcript may read 'General Chemistry', 'College Preparatory Chemistry', 'Advanced
Placement (AP) Chemistry', 'Action Chemistry', 'Applied Chemistry', 'Academic
Chemistry', 'Topics of Chemistry', or just plain 'Chemistry', or even something else. These
courses may or may not differ in complexity, have different goals, have different
instructional materials, have various laboratory requirements, and have different
instructional strategies.

This variable was begun to be addressed when a questionnaire was sent in April,
1991 to all high school science teachers reported to the Maine Department of Education
as teaching at least one section of chemistry. Teachers were asked to consider four
statements concerning the educational goals for chemistry which were modified from the
Project Synthesis goal clusters. The first goal stated that “Education in chemistry should
produce informed citizens prepared to deal responsibly with science-related societal
issues" (Project Synthesis' societal issues goal cluster), the second "Education in chemistry
should give all students an awareness of the nature and scope of a wide variety of science
and technology-related careers open to students of varying aptitudes and interests"
(Project Synthesis' career education/awareness goal cluster), the third "Education in
chemistry should allow students who are likely to pursue science academically as well as
professionally to acquire the academic knowledge appropriate for their needs" (Project
Synthesis' academic preparation goals cluster), and the fourth "Education in chemistry
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should prepare individuals to utilize science for improving their own lives and for coping
with an increasingly technological world" (Project Synthesis' personal needs goal cluster).
Teachers were asked to cite the level of alignment between these goal statements and their
chemistry courses. They were asked to complete a different sheet for each level of
chemistry they taught. A total of thirty three responses was received from twenty high
schools. There are approximately 200 high school chemistry teachers in the 160 high
schools in Maine. The response rate was disappointingly low. These numbers allow only
the suggestion of trends, but they do lead to areas of further research. These should be
viewed as an early pilot study and not as reportable data.

Based on the descriptive course titles reported, three levels of chemistry were
identified. These were advanced placement (although this should be a second year
chemistry course, it is frequently taught as a first year offering) or honors chemistry (4
responses), college or academic chemistry (23 responses), and general or basic chemistry
(6 responses).

The overall results are reported in Table 2.
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Table 2 Teacher beliefs of course alignment and chemistry education - 33 responses

Goal 1 -

Goal 2 - career

Goal 3 -

Goal 4 -

societal
issues

education/aware

academic
prep.

personal needs

Complete
alignment

16

9

19

13

Substantial
alignment

11

7

7

10

Some alignment

6

16

3

7

No alignment

0

1

4

3

Clearly the most agreement was cited between Goal 3, which refers to the goal of
chemistry as academic preparation and Goal 1 which refers to the need for a scientifically
literate citizenry. Curricular alignment with academic preparation seems of paramount
importance. There is substantial agreement as well with Goal 4 which also refers to
scientific literacy but of a more personal nature. Goal 2 dealing with the preparation for
future science careers has the least alignment. Larger data sets are needed to ascertain the
alignment of these goals with different levels of chemistry courses, but the above trends
are revealed.

Table 3 displays the responses relative to the most difficult chemistry courses.
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Table 3 Teacher beliefs of course alignment and chemistry education goals relative to the
most difficult chemistry courses - 4 responses.

Goal 1 -

Goal 2 - career

Goal 3 -

Goal 4 -

societal
issues

education/aware

academic
prep.

personal
needs

Complete
alignment

3

2

4

3

Substantial
alignment

0

0

0

0

Some alignment

1

1

0

0

No alignment

0

1

0

1

Again, academic preparation - preparing students for the next chemistry course seems to be of utmost importance, with career knowledge of least importance. With this
pattern of expectations, higher level chemistry courses seems to be viewed as part of a
sequence of courses, not as a terminal experience. These probably are the students who
will continue on in science in college. The predictive power of advanced placement
courses becomes an issue. According to Dale Syphers, Professor of Physics at Bowdoin
College (personal communication, 1995), that institution prefers not to accept advanced
placement courses for college credit. No studies on the fate of students who had
completed high school advanced placement courses in college science were located.
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Table 4 compares course alignment and chemistry education goals for the middle level
of course difficulty:

Table 4 Teacher beliefs of course alignment and chemistry education goals for moderate
level of chemistry courses - 23 responses.

Goal 1 -

Goal 2 - career

Goal 3 -

Goal 4 -

societal
issues

education/aware

academic prep.

personal needs

Complete
alignment

8

5

15

8

Substantial
alignment

10

5

6

9

Some alignment

5

13

1

5

No alignment

0

0

1

1

Academic preparation, once again, is cited as having the greatest alignment with
course goals. The belief that high school chemistry courses are intended to prepare
students for further study in chemistry is supported. Career education and awareness
appears to have little support in the curriculum.

Table 5 shows a dramatic shift from the previous responses.
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Table 5 Teacher beliefs of course alignment and chemistry education goal of
general chemistry - 6 responses.

Goal 1 -

Goal 2 - career

Goal 3 -

Goal 4 -

societal issues

education/aware

academic
prep.

personal needs

Complete
alignment

5

2

0

2

Substantial
alignment

1

2

1

1

Some alignment

0

2

2

2

No alignment

0

0

3

1

Clearly a shift is evident from this table. Academic preparation is now of least
importance while the interaction of science, technology and society have become the most
important. The goal of general or basic chemistry is certainly not the same as other levels
of chemistry, at least as evidenced by these preliminary responses.

Therefore, even though students may report that they have taken high school
chemistry, the courses differ in perceived goal which probably relates to differences in
instructional methods. One cannot assume that 'chemistry is chemistry'.
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Some additional work was undertaken in the spring of 1993 with a special science
questionnaire being included with the Grade 11 Maine Educational Assessment forms. In
this study, 563 high school science teachers in 122 schools responded. Four questions
were asked that paralleled the Project Synthesis goal clusters. Teachers were asked their
level of agreement with the goal and their belief of alignment of their school's science
program with that belief

The format of the questionnaire allowed the disaggregation of teachers who taught
chemistry and physics (54 teachers responded as teaching chemistry only, and 106
reported to be chemistry and physics teachers). Utilizing just these results, the Table 6
was constructed.
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Table 6 The science education goal selection by Maine secondary school chemistry or
chemistry and physics teachers and alignment of the goals with their science program.
(n=160)

Societal Issues

Career Awareness

Academic Prep.

Personal Needs

#

%

#

%

#

%

#

%

S. agree

106

66

97

61

129

81

116

73

Agree

46

29

52

33

22

14

37

23

Uncrt’n

1

1

4

3

1

1

0

0

Disagre

0

0

0

0

1

1

0

0

S. Disag

1

1

1

1

1

1

1

1

H. align

30

19

17

11

81

49

24

15

S. align

104

65

94

59

62

37

94

59

M. align

19

12

40

25

10

6

36

23

Not alig

1

1

3

2

7

4

0

0

No resp

6

4

6

4

7

4

6

4

(Note: S. agree Strongly agree, Uncrt'n = Uncertain, Disagre = Disagree, S. disag =
Strongly disagree, No resp = No response, H. align = Highly aligned, S. align =
Somewhat aligned, M. align = Marginally aligned. Not alig = Not aligned at all)

For those teaching chemistry, academic preparation gamers the most strongly agree
responses and in fact the order set by all teachers agrees with that reported by chemistry
teachers. The difference occurs in the robustness of alignment between academic
preparation and alignment as viewed by all teachers versus chemistry teachers. Eighty six
percent of chemistry teachers reported that their school program were aligned or highly
aligned with an academic preparation focus as opposed to 99% of all secondary
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science teachers. Although appearing quite high, this shift raises the question of the
strength of the commitment of chemistry teachers to the goal of academic preparation.

These two studies alone present evidence of the need for the additional now
reported research undertaken in this study. One part of this research examined the
different levels of high school chemistry and the associated goals for those different levels.
Another piece examined the relative success of students from these different levels.
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CHAPTER 2
METHOD

Eight areas of research were addressed. The following questions were posed:
1.

What differences in grade performance in college chemistry was there between
students who had completed high school chemistry and those who had not?

2.

What differences in grade performance in college chemistry was there between
students who had completed an upper level of high school chemistry versus those
who had completed a regular track of chemistry?

3.

How well did student scores on the Maine Educational Assessment tests predict
success in college chemistry?

4.

How well did student scores on the Scholastic Aptitude Test predict success in
college chemistry?

5.

Did college chemistry students perceive that high school chemistry prepared them
for college chemistry?

6.

Did the perceptions of college chemistry students differ from those of high school
chemistry teachers regarding the goals of high school chemistry?

7.

Did high school teachers have different goals for varying levels of high school
chemistry?
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8.

Did college chemistry students perceive that college chemistry instructors and high
school chemistry teachers had the same goals?

Data were gathered from three sources for this study. Students enrolled in an
introductory college chemistry course at three institutions of higher education in Maine
completed questionnaires, on a voluntary basis, both at the beginning and again near the
end of their first semester. They also gave permission for data including course grades
and test scores to be gathered from their high school and college records. Maine high
school chemistry teachers completed a questionnaire, on a voluntary basis, detailing their
curricular goals and instructional techniques relative to high school chemistry.

Null hypothesis one - Those students who completed high school chemistry will
demonstrate the same performance in college chemistry as those students who have not
completed high school chemistry. Data sources were the pre and post student
questionnaires and student high school and college records.

Null hypothesis two - Those students who completed an upper track level of high
school chemistry will demonstrate the same performance as those students who completed
a lower track of high school chemistry. Data sources were the pre and post student
questionnaires and student high school and college records.
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Null hypothesis three - Students who score poorly (i.e., below the 54th percentile
in math or below the 65th percentile in reading) on the Maine Educational Assessments
(MEA) will demonstrate the same performance in college chemistry as those students who
score well (i.e., above the 86th percentile in math or above the 99th percentile in reading).
Data sources were college records and MEA scores on student high school transcripts.

Null hypothesis four - Students who score poorly (i.e., below 420 in quantitative
or below 360 in verbal) on the Scholastic Aptitude Test will demonstrate the same
performance in college chemistry as those students who score well (i.e., above 660 in
quantitative or above 590 in verbal). Data sources were student high school and college
records.

Null hypothesis five - There will be no difference in the perception of college
chemistry students regarding the usefulness of high school chemistry as preparation for
college chemistry students before and after taking college chemistry. Data sources were
student pre and post experience questionnaires.

Null hypothesis six - College chemistry students and high school chemistry
teachers will not agree in their perception of the goals of high school chemistry
instruction. Data sources were student post experience questionnaire and high school
chemistry teacher questionnaire.
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Null hypothesis seven - Teachers of different levels of high school chemistry
having different goals for those courses will indicate no relationship between academic
expectations and time spent using and covering a textbook. The data source was the
teacher questionnaire.

Null hypothesis eight - College chemistry students will not perceive the goals of
college chemistry instructors and those of high school chemistry teachers to be the same.
Data sources were the pre and post experience student questionnaires and the teacher
questionnaire.

Student questionnaires and records

The study was conducted with students who had enrolled in introductory college
chemistry courses at Bowdoin College (four courses, one hundred twenty seven student
responses), the University of Southern Maine (two courses, ninety four student responses)
and the University of Maine at Orono (four courses, three hundred thirty five student
responses) in the fall of 1995. These three institutions represented different samples of a
population of college students. Bowdoin’s students tended to be younger, more female,
had taken more math and science courses in high school and three quarters were in their
first year of college. It is a private liberal arts college catering to a wealthy, out-of-state
clientele. The University of Southern Maine’s students were much older than at either of
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the other two campuses and had sightly more females than average in this sample. USM is
a public university in Maine’s largest city and serves a commuting, non-traditional student
population. The University of Maine at Orono had a male predominance and a small age
range (mostly in their first year) of students. UMO is the largest public university in
Maine and is attended by a traditional, resident population. Since completion of any or all
of the questionnaires was voluntary and data in high school and college records were
sometimes incomplete, the total number of responses in each analyses may vary.
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Table 7 Number of participating students in each institution reported by high school
graduation year for which data were available.

Institution

Bowdoin College

University of Maine

University of

at Orono

Southern Maine

Year of high school

Number/total

Number/total

Number/total

graduation

number providing

number providing

number providing

data/percent of

data/percent of

data/percent of

participants in this

participants in this

participants in this

study at that

study at that

study at that

institution

institution

institution

1995

79/106/75%

143/262/55%

9/54/17%

1994

23/106/22%

48/262/18%

6/54/11%

1993

3/106/3%

30/262/11%

9/54/17%

1992

1/106/1%

12/262/5%

5/54/10%

1991

0/106/0

11/262/4%

6/54/11%

1990

0/106/0

3/262/1%

1/54/2%

1989-1980

0/106/0

12/262/5%

14/54/26%

1979-1967

0/106/0

3/262/1%

4/54/7%

*

None of the Bowdoin College students participating in the study graduated from
high school more than four years prior to 1996. Eleven percent of the students
participating in the study from the University of Maine at Orono and forty six percent of
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the students from the University of Southern Maine graduated from high school at least
four years prior to this study.

Although the gender distribution varied widely by campus, in total it was equal.

Table 8 Gender distribution as reported by the responses of participating students.

Gender

Male

Female

Institution

Number/total number

Number/total number

providing data/percent of

providing data/percent of

participants in this study at

participants in this study at

that institution

that institution

Bowdoin College

49/127/39%

78/127/61%

University of Maine at

160/277/58%

117/277/42%

32/74/43%

42/74/57%

241/478/50%

237/478/50%

Orono
University of Southern
Maine
Total

This study required that data be gathered from both college students presently
enrolled in introductory college chemistry courses and from teachers of secondary school
chemistry. Although some of the college students possibly took high school chemistry
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from some of the high school chemistry teachers surveyed, few who had done so could be
identified.

Procedure

Two questionnaires were used to gather data and gain permission to collect high
school and college grades from transcripts and records offices.

The first questionnaire was completed by those students who consented to
participate in the early days of their first semester of first year chemistry courses. This
questionnaire, included as Appendix A, accomplished three purposes. 1. It gathered pre¬
treatment data including information on high school chemistry courses taken and attitudes
toward science preparation. 2. It provided a mechanism for students to grant permission
to allow access to their high school transcripts and college grade records housed at the
institutions of higher education. 3. It satisfied the human subject review process at each
of the institutions. The questionnaire consisted of three copies of the informed consent
form (one copy for the student, one copy to be signed by the student for the student
records office, and one copy signed by the student for the researcher) and a one page
questionnaire. The informed consent form explained the study, the treatment of data, and
how data were to be used and it enumerated the specific data to be collected from the
subject’s high school transcripts. The questionnaire gathered vital information such as
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name, student identification number, sex of the student, whether this was the first
chemistry course they had taken in college, expected year of graduation, if they had
completed a high school chemistry course, information on their high school chemistry
program, a Likert-type scale of perceptions of the instructional goals of their high school
chemistry course, and perceptions of how well they thought their high school chemistry
experience had prepared them for the college chemistry course in which they were
enrolled. Since participation in the study was voluntary, and since the questionnaire was
distributed and collected in the same class period, only those students in attendance who
chose to participate did so.

A second student questionnaire, administered toward the end of the first semester,
gained post-treatment (i.e., enrollment in and partial completion of college chemistry)
data. The second questionnaire gathered data necessary to compare responses with the
first questionnaire, a Likert-type scale of their perceptions of the instructional goals of
their college chemistry course and their perception of how well their high school chemistry
experience prepared them for the college chemistry course which they were completing.
Again, since participation in the study was voluntary and since the questionnaire was
distributed and collected in the same class period, only those students in attendance who
chose to participate did so. This questionnaire is Appendix B.
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The questionnaires went through multiple iterations to satisfy the human subjects
review process at both the institutions where the questionnaire was to be administered and
at the University of Massachusetts. While this process was going on, the higher
education faculty were identified and permission was sought to administer the
questionnaires during their class time. At the University of Southern Maine and the
University of Maine at Orono, it was agreed that the researcher could explain and
administer the questionnaires in the most time efficient process possible. At Bowdoin
College, the questionnaire were administered by laboratory assistants during laboratory
periods with the researcher being absent.

A second phase of the study involved the collection of information from the high
school transcripts of those students who permitted such collection. Data gathered
included high school attended, year of graduation, formula for determining numerical
equivalent of grades, course title and grade for each science and math course taken from
grade 9 through 12, Scholastic Aptitude Test scores, and Maine Educational Assessment
test scores, if recorded. Several different formulae for determining numerical equivalent
of grades were reported and some were not reported at all. The formula predominately
used was adopted so grades were converted using that scale when reported being
calculated using a different formula. For instance, most high schools use a 93 and above
range as equivalent to an “A”. If a school reported that a student received an “A” and that
the formula used at that school was a 90 and above for an “A”, a 93 was recorded for that
student’s grade.
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Copies of the transcripts of the participating students at the University of Southern
Maine and the University of Maine at Orono were provided to the researcher. At
Bowdoin College, data were gathered directly from the transcripts on site, as copying was
not permitted.

High School Teacher questionnaire

Participants

In the spring of 1996, a third phase of the study was initiated when a questionnaire
was sent to Maine high school teachers certified as presently teaching chemistry by the
Maine Department of Education. Eighty one out of a population of one hundred ninety
two (for a response rate of 42%) teachers returned completed questionnaires. Of these
eighty one, thirty two (40%) were female, and forty eight (60%) were male. One
answered anonymously. This compares with a state wide distribution of 32% female and
68% male chemistry teachers.
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Table 9 Years of teaching chemistry for the sample population as well as the state-wide
population.

Years of experience

Sample population/%

State-wide population/%

1-4

15/18%

39/18%

5-10

20/24%

38/18%

11 or more

47/57%

138/64%

Total

82

215

Data collected in this questionnaire included levels of chemistry taught, perceived
goals of each course, and texts used. Additional data gathered were name of the teacher,
school, number of years the teacher has taught high school chemistry, number of years the
teacher has taught chemistry at that school, undergraduate and graduate majors, degrees
and years of degrees, level of ongoing professional development, familiarity with national
science education standards, teacher certifications held, needs to teach more effectively,
efforts undertaken to track students’ success in college chemistry, and identification of
teaching priorities. Matrices were provided for teachers to identify levels of chemistry
taught, percent of time textbooks were used in instruction, percent coverage of text in a
year, title and edition of text, whether this course was considered by them as a college
preparatory course, and a weighted scale of their perception of the course goals as
determined by the allocation of course time. This questionnaire is Appendix C.
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Results from the teacher and student questionnaires and data collected from
student transcripts were entered into categorical data bases and analyzed using standard
statistical means. Non-parametric analysis was selected since this type of statistic centers
on the relationships between categories of data. Parametric analysis is based on normally
distributed populations. The nature of the data in this study made the use of parametric
statistics inappropriate. The Chi square statistic was used in testing for significance of
differences between groups. In some cases, data had to be aggregated to maintain a Chisquare condition that no or fewer than twenty percent of frequencies should be smaller
than five, but the aggregations remain meaningful. All statistics are reported at the 95%
confidence level unless otherwise noted.
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CHAPTER 3
RESULTS

Null hypothesis one - Those students who completed high school chemistry will
demonstrate the same performance in college chemistry as those students who have not
completed high school chemistry.

This was answered by examining the raw data of student performance in college
chemistry and by aggregating data on that performance from student questionnaires and
student records.

Those students who had not completed high school chemistry actually had a higher
mean course grade in college chemistry than did the students who did complete high
school chemistry. A comparison of means revealed that students who did not complete
high school chemistry had a mean college chemistry grade of 2.73 ± 0.99 (n=l 1) and those
who had completed high school chemistry had a mean college chemistry grade of 2.40 ±
1.04 (n=275).

It appears that those students who had not completed high school chemistry
demonstrate no significant difference from those who had completed high school
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chemistry in college chemistry grade. A Pearson Chi-Square statistic of the aggregated
data is 1.57 with one degree of freedom (Chi-square of 3.84 is needed for 95% confidence
level).

Finding - Therefore the null hypothesis is accepted. There is no significant
difference in performance in college chemistry between those students who have
completed high school chemistry and those students who have not completed high school
chemistry.
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Table 10 Crosstabulation of grade in their first-year college chemistry course and whether
the student had completed chemistry in high school using raw data.

College Chemistry Grade

Had not completed

Had completed

0.00

0

13

0.67

1

5

1.33

0

9

1.67

0

24

2.00

2

50

2.33

1

21

2.67

2

25

3.00

2

49

3.33

0

11

3.67

1

17

4.00

2

31

Sum

11

275

Aggregating data to achieve statistical relevance creates the following table and
results. Since the National Science Foundation (undated) considers receiving a grade of C
(2.0) or better as successful completion of specific courses, data were gathered into Grade
Point Averages of 1.67 or less and greater than 2.00.
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Table 11 Crosstabulation of grade in their first-year college chemistry course and whether
the student had taken chemistry in high school using aggregated data.

Completed chemistry in

College chemistry grade of

College chemistry grade

high school

1.67 or less

greater than 1.67

No

1

10

Yes

71

204

Completing a comparison of means analysis yields similar information. For those
students who identified the chemistry course being taken as the first college chemistry
course they had taken (Question number 2 on the pre-treatment student questionnaire),
who had completed a chemistry course in high school, and for whom a grade point
average in chemistry was reported, the mean of their grade point average in college
chemistry was 2.4040, with a standard deviation of 1.0394 (n=275). For those students
who identified the chemistry course being taken as the first chemistry course they had
taken, who not completed a chemistry course in high school, and for whom a grade point
average in chemistry was reported, the mean of their grade point average in college
chemistry was 2.7282, with a standard deviation of 0.9865 (n=l 1).
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Thus, bearing in mind the small sample size of those who had not completed a high
school chemistry course, there appears to be little difference between the mean of the
college chemistry grade of those students who had taken a high school chemistry course
versus the mean of those who had not, in view of the overlapping ranges.

T-tests for independent samples were run to ascertain the similarities in the two
sample populations in performance on the quantitative and verbal portions of the SAT,
overall college grade point average, and grade performance in college chemistry. Each of
these measures had probability values much greater than 0.05 and two-tail significance
values ranging from 0.231 to 0.634. The variances indicate that there is no difference in
population.
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Table 12 Result of t-tests for independent samples for those students who had or had not
completed high school chemistry.

Number of

p value

2-tail significance

cases

95% Confidence
Interval for
difference

SAT Quantitative Scores
Statistic

0.708

had not completed

7

had completed

338

0.231

-112.785, 27.300

SAT Verbal Scores
Statistic

0.576

had not completed

7

had completed

338

0.620

-83.809, 50.068

Current Grade Point Average
0.353

Statistic
had not completed

14

had completed

324

0.634

-0.567, 0.346

College Chemistry Grade
0.310

0.517

Statistic
had not completed

11

had completed

324

96

-0.304, 0.952

When t-tests for independent samples were run on high school science and
mathematics grade data for the two populations, freshman science grades had a p value of
0.072 and senior math grades had a p value of 0.00. These values demonstrate the need
for further research.

Null hypothesis two - Those students who completed an upper track level of high
school chemistry will demonstrate the same performance as those students who completed
a lower track of high school chemistry.

To undertake this analysis, it was necessary to review the names of the chemistry
courses listed on high school transcripts and categorize them into different levels. Four
categories were created and high school chemistry experiences were coded into these
categories.

One category was coded as college preparatory and variously listed as

College Prep. Chemistry, CP Chemistry, Academic Chemistry, Lab Chemistry,
Accelerated Chemistry, College Chemistry, Intermediate Chemistry, Chemistry, Chemistry
Intensive, or Chemistry Regents. A second was Honors Chemistry variously listed as
Honors Chemistry, Advanced Chemistry, or Enriched Chemistry. A third coding
“ChemCom” which is the American Chemical Society’s “Chemistry in the Community”
program.

A fourth was AP Chemistry variously listed as Advanced Placement Chemistry,

Second year Chemistry, Organic Chemistry, or Chemistry Seminar. However, due to
sample size limitations, only the first two categories are reported.
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Table 13 Crosstabulation between college chemistry grade point average and level of high
school chemistry completed.

College Prep

College chem

Percentage

Honors

Chem

Chemistry

(number)

(number)

Percentage

56

29

9

23

137

71

30

77

193

100

39

100

grade of 1.67 or
less
College chem
grade greater
than 1.67
Totals

A Pearson Chi-Square statistic of 0.56735 with one degree of freedom was
calculated.

Finding - Therefore the null hypothesis is accepted. Those students who complete
an upper track of high school chemistry demonstrate the same performance as those
students who complete a lower track of high school chemistry.
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Table 14 Comparison of means between college chemistry grade and level of high school
chemistry completed.

Variable
Entire Population
Regular College

Mean
2.2963
2.2733

Std. Dev.
1.0242
1.0254

Cases
232
193

Variance
1.0490
1.0514

Prep. Chemistry
Honors High

2.4103

1.0239

39

1.0484

School Chemistry

Due to the sample size, only the data for the students who completed regular high
school college preparatory chemistry course (n=193) and those who completed an
advanced version of that course (n=39) can be compared. The range of the grades in
college chemistry for those students who completed regular high school college
preparatory chemistry course is 1.2479 to 3.2987. The range of the grades in college
chemistry for who completed regular high school college preparatory chemistry course
who completed an advanced version of a regular high school college preparatory
chemistry course was 1.3864 to 3.4342. The ranges are virtually identical.
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Null hypothesis three - Students who score poorly (i.e., below the 54th percentile in
math or below the 65th percentile in reading) on the Maine Educational Assessments
(MEA) will demonstrate the same performance in college chemistry as those students who
score well (i.e., above the 86th percentile in math or above the 99th percentile in reading).

A third research area involved exploring the relationship between achievement on
the Maine Education Assessment test given to all high school eleventh graders in Maine
and its use as a predictor of college chemistry grade. Individual student scores in
percentiles on mathematics, reading and writing (only a percent range is given for writing)
are returned to the schools. MEA scores are optionally recorded on student transcripts at
the request of the school.

A Person Chi-square statistic of 6.02326 with two degrees of freedom was
calculated for student scores on the MEA mathematics test versus college chemistry
grade. This was found to be significant at the 5% level of significance. The data reveal a
weak positive correlation (Pearson’s R = 0.20365) between grouped MEA mathematics
scores and college chemistry grade. A weak negative correlation (Pearson’s R = -0.1181)
between grouped MEA reading scores and college chemistry grade was calculated.
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Analysis of the data confirmed the necessity of grouping percentile reports on the
mathematics portion of the MEA and the description of success used by the National
Science Foundation (i.e. a grade of C or better) resulting in the following table:

Table 15 Percentile ranking of students on the Maine Educational Assessment
mathematics test versus their college chemistry grade.

MEA Mathematics

College chemistry

College chemistry grade of

grade of 1.67 or less

greater than 1.67

6

5

55 - 83 percentile

5

15

86 - 99 percentile

7

32

less than or equal to the 54
percentile

Similarly, analysis of the data confirmed the necessity of grouping percentile
reports on the reading portion of the MEA and the description of success used by the
National Science Foundation (i.e. a grade of C or better) resulting in the following table:

101

Table 16 Percentile ranking of students on the Maine Educational Assessment reading test
versus their college chemistry grade.

MEA Reading

College chemistry

College chemistry grade

grade of 1.67 or less

of greater than 1.67

5

18

66 - 83 percentile

5

19

83 - 99 percentile

8

15

Less than or equal to the
65 percentile

The Pearson Chi-square statistic was computed to be 1.47974 with two degrees of
freedom.

This was not a statistically significant difference.

Finding - Thus the null hypothesis was rejected for mathematics but accepted for
reading. There is a significant difference in performance in college chemistry between
those students who score well on the mathematics portion of the MEA versus those
students who do not score well. And there is no significant difference in performance in
college chemistry between those students who score well on the reading portion of the
MEA versus those students who do not score well.
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Null hypothesis four - Students who score poorly (i.e., below 420 in quantitative
or below 360 in verbal) on the Scholastic Aptitude Test will demonstrate the same
performance in college chemistry as those who score well (i.e., above 660 in quantitative
or above 590 in verbal).

SAT scores were grouped to meet the Chi-square assumption that no frequencies
are smaller than five yet still provide meaningful data.

The following tables were created.
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Table 17 Grouped SAT quantitative scores versus success in college chemistry.

SAT quantitative scores

College chemistry

College chemistry grade

grade of 1.67 or less

of greater than 1.67

260 - 420

10

6

430 - 450

5

16

460 - 470

5

6

480 - 500

7

20

510-530

8

17

540 - 550

6

21

560 - 580

7

30

590-610

5

19

620 - 650

6

16

660 - 770

4

33

Total number of

63

184

participants

A Pearson Chi-square statistic of 19.93273 with nine degrees of freedom was
calculated. This was found to be statistically significant to the 0.05 level.
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Finding - Thus the null hypothesis is rejected. Students who score poorly on the
quantitative portion of the SAT will have different performance than those students who
score well.

Table 18 Grouped SAT verbal scores versus success in college chemistry.

SAT verbal scores

College chemistry

College chemistry grade |

grade of 1.67 or less

of greater than 1.67

220 -360

6

9

370 - 390

6

9

400-410

6

5

420 - 430

10

14

440 - 450

7

20

460 - 480

6

33

490-510

7

28

520 - 540

7

28

550- 580

6

16

590 - 700

2

22

Total number of

63

184

participants
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A Pearson Chi-square statistic of 18.48106 with nine degrees of freedom was
calculated. This was found to be statistically significant to the 0.05 level.

Finding - Thus the null hypothesis in the case of SAT verbal scores is rejected.
Students who score poorly on the verbal portion of the SAT will have different
performance than those students who score well.

Null hypothesis five - There will be no difference in the perceptions of college
chemistry students regarding the usefulness of high school chemistry as preparation for
college chemistry before and after taking college chemistry.

In a fifth research area, students were asked their perceptions of how well high
school chemistry had prepared them for college chemistry at the beginning of the study
and at the end. There was a definite shift from students who believed that high school
chemistry was going to be useful to a belief that it had served them poorly.

Data from only those students who responded to both the pre- and post-experience
questionnaire were used to produce the following table:
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Table 19 Perception of how well high school chemistry had prepared students for college
chemistry before and after taking college chemistry.

Before College Chemistry
How well?

After College Chemistry

College

College

College

College

chemistry

chemistry grade

chemistry

chemistry grade

grade of 1.67

of greater than

grade of 1.67

of greater than

or less/%

1.67/%

or less/%

1.67/%

17/34%

89/52%

11/22%

79/46%

Fairly Well

25/50%

53/31%

16/32%

53/31%

Poorly

7/14%

20/12%

17/34%

30/17%

Uncertain

1/2%

10/6%

6/12%

10/6%

Totals

50

172

50

172

Very Well or
Well

The Pearson Chi-square statistic for how well students thought high school
chemistry prepared them for college chemistry (7.92956 with three degrees of freedom)
before taking college chemistry and how well students thought high school chemistry
prepared them for college (12.56320 with three degrees of freedom) after college
chemistry were statistically significant at the 95% confidence level.
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Finding - Thus the null hypothesis was rejected. There was a marked decrease in
the number of students who perceived high school chemistry to be useful after taking
college chemistry as compared to before.

Null hypothesis six - College chemistry students and high school chemistry
teachers will not agree in their perception of the goals of high school chemistry
instruction.

In a sixth research area, college chemistry students were asked to prioritize the
goals of high school chemistry in a sixth area of research. Students overwhelmingly cited
academic preparation as the most important goal as it related to their high school
chemistry experience. The three additional goals offered (use of chemistry in preparing an
informed citizenry, career information and for personal needs) were perceived as fairly
equal goals. Results for Maine high school chemistry teachers concur with this.

Data from this analysis produced the following table.
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Table 20 Perception of the goals of high school chemistry by college chemistry students.

Informed

Career &

Academic

Personal

Citizenry

Education

Preparation

Needs

N

%

N

%

N

%

N

%

65

14.1

50

11.0

132

29.0

57

12.5

Important

127

27.5

148

32.4

201

44.1

145

31.9

Marginally

166

36.0

167

36.5

90

19.7

163

35.8

85

18.4

70

15.3

27

5.9

71

15.6

19

4.1

22

4.8

6

1.3

19

4.2

462

100.1

457

100.0

456

100.0

455

100.0

Very
Important

Important
Little
Importance
Not
Important
Totals

109

Table 21 The selection of course goals for two levels of chemistry by Maine chemistry
teachers.

College Prep Chemistry (n=72)

Honors Chemistry (n=24)

Course goal

Mean Weight on 0-10 scale

Mean Weight on 0-10 scale

Informed

2.1

1.7

1.3

1.3

4.6

5.5

1.9

1.5

Citizenry
Career
Awareness
Academic
Preparation
Personal
Needs

Finding - Through a comparison of means, the null hypothesis is rejected. Clearly
both Maine high school chemistry teachers and college chemistry students agree that
academic preparation is the most important instructional goal.

Null hypothesis seven - Teachers of different levels of high school chemistry
having different goals for those courses will indicate no relationship between academic
expectations and time spent suing and covering a textbook.
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Maine secondary school chemistry teachers were also asked their opinion of the
goals of high school chemistry. Responses were disaggregated by level of chemistry and,
in the case of ChemCom, if the teacher believe the course to be of college preparatory
level or not. Teachers of college preparatory levels courses (excluding ChemCom)
selected academic preparation as the most important goal, followed by developing an
informed citizenry, satisfying personal needs and undertaking career awareness. Teachers
of honors level chemistry courses selected the same order of options, but gave increased
weight to academic preparation at the expense of informed citizenry and personal needs.

ChemCom teachers were equally split on the appropriateness of the course as
college preparatory (twelve reporting it as college prep., eleven reporting it not college
preparatory). As a composite group, ChemCom teachers selected developing an informed
citizenry as the most important course goal, followed by personal needs, academic
preparation and career awareness.

Ill

Table 22 The selection of course goals by Maine secondary school chemistry teachers

College

Honors

ChemCom as

ChemCom

ChemCom as

Prep

Chemistry

college prep

not as

composite

Chemistry

(n=24)

(n=14)

college prep

group (n=24)

(n=72)

Informed

(n=10)

Mean

Mean

Mean

Mean

Mean

Weight on

Weight on

Weight on 0-

Weight on

Weight on 0-

0-10 scale

0-10 scale

10 scale

0-10 scale

10 scale

2.1

1.7

3.8

4.4

3.9

1.3

1.3

1.6

1.1

1.3

4.6

5.5

2.4

2.0

2.2

1.9

1.5

2.7

2.6

2.6

Citizenry
Career
Awareness
Academic
Preparation
Personal
Needs

High school chemistry teachers were also queried as to the time spent using a
textbook in their courses and how much of that text they covered in a year. Those
teaching college preparatory college chemistry spend more time using a text compared to
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those who teach more advanced levels of college preparatory chemistry. ChemCom
teachers follow in the middle of these two. In terms of how much of the text is covered in
one year, the group that reports that they spend the least amount of time using a text
(advanced college preparatory chemistry teachers) also report that they cover more of the
text than college preparatory chemistry teachers, and both groups report substantially
more text coverage than do teachers of ChemCom.

Disaggregating the data produced the following table.
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Table 23 Time spent using a text and coverage of that text by Maine secondary school
chemistry teachers.

College

Honors

ChemCom

ChemCom

ChemCom

Prep

Chemistry

as college

not as

as

Chemistry

(n=24)

prep

college

composite

(n=14)

prep

group

(n=10)

(n=24)

(n=72)

Time spent
using a text
less than 10%

4 (5.5%)

1 (4.2%)

0 (0%)

0 (0%)

0 (0%)

10-25%

3 (4.2%)

1 (4.2%)

0 (0%)

2 (20.0%)

2 (8.3%)

25 - 50%

17(23.6%)

6 (25.0%)

1 (7.1%)

2 (20.0%)

3 (12.5%)

50 - 75%

19 (26.4%)

8 (33.3%)

8(57.1%)

2 (20.0%)

10(41.6%)

75 - 90%

25 (34.7%)

6 (25.0%)

4 (28.6%)

4 (40.0%)

8 (33.3%)

over 90%

4 (5.5%)

2 (8.3%)

1 (7.1%)

0 (0%)

1 (4.2%)

less than 10%

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

10-25%

1 (1.4%)

0 (0%)

1 (7.1%)

1 (10.0%)

2 (8.3%)

25 - 50%

16 (22.2%)

4 (16.7%)

5 (35.7%)

3 (30.0%)

8 (33.3%)

50 - 75%

29 (40.3%)

9 (37.5%)

6 (42.8%)

6 (60.0%)

12 (50.0%)

75 - 90%

23 (32.0%)

8 (33.3%)

0 (0%)

0 (0%)

0 (0%)

over 90%

3 (4.2%)

3 (12.5%)

2 (14.3%)

0 (0%)

2 (8.3%)

Text covered in
a year
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Honors chemistry teachers reported covering much more of the text, but spending
less time using a text than did regular college preparatory chemistry teachers. Very few
ChemCom teachers covered the text material to the extent of even the regular college
preparatory chemistry teachers. Interestingly, those ChemCom teachers who reported
their course as not a college preparatory one spent more time using the text than did those
who reported ChemCom as a college preparatory course.

Finding - The null hypothesis was accepted. Due to the inverse relationship, the
Chi Square statistic was not necessary.

Null hypothesis eight - College chemistry students will not perceive the goals of
college chemistry instructors and those of high school chemistry teachers to be the same.

Addressing a seventh area of inquiry, college chemistry students were asked near
the end of their first semester chemistry course to identify how important various goals
seemed to their college instructor. Students overwhelmingly cited academic preparation
as the most important goal. The three additional goals offered (use of chemistry in
preparing an informed citizenry, career information, and for personal needs) were
perceived of as having fairly equal importance.

Data from this analysis produced the following table.
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Table 24 Perception of the goals of college chemistry instructors by college chemistry
students.

Informed

Career &

Academic

Citizenry

Education

Preparation

N

%

N

%

N

%

N

%

40

11.5

31

8.9

110

31.5

31

8.9

Important

103

29.6

108

30.9

173

49.6

121

34.7

Marginally

150

43.1

136

39.0

52

14.9

137

39.3

48

13.8

65

18.6

12

3.4

51

14.6

7

2.0

9

2.6

2

0.6

9

2.6

348

100.0

349

100.0

349

100.0

349

100.1

Very

Personal Needs

Important

Important
Little
Importance
Not
Important
Totals

This table displays the same priorities as Table 20. One outstanding difference is
that the number selecting “Not Important” has dropped for college chemistry instruction
versus high school chemistry instruction.
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Finding - Therefore the null hypothesis is rejected due to a comparison of means.
College chemistry students report that the most important goal they perceive for both
college chemistry and high school chemistry is academic preparation.
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CHAPTER 4
DISCUSSION

The finding that those students who did not complete high school chemistry
achieved as well as or better in college chemistry than those students who did complete
high school chemistry should be very troubling to high school chemistry teachers.
Examining disaggregated data in Table 10 reveals the distribution of achievement (defined
by course grade in college chemistry) by both populations. This calls into question the
academic preparation of those students who had completed high school chemistry. If high
school chemistry teachers truly believe that they are preparing students for college
chemistry, they apparently are wrong. Completion of high school chemistry does not give
these students any advantage over those who did not in a first year college chemistry
course.

This finding, in conjunction with the similar findings described earlier (e.g., Krajcik
and Yager, 1987; Yager et al, 1988; and, Sadler and Tai, 1997), should cause high school
teachers to re-examine their instructional goals, and the evidence used to evaluate
attainment of those goals. The lack of achievement of goals or even monitoring of
achievement by science teachers across the nation is cause for concern. The goal of
academically preparing high school students for college chemistry through traditional
college preparatory chemistry is not being realized.
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It is apparent that the use of success in high school chemistry as a predictor of
success in college chemistry is false. In fact there is a question as to the magnitude of any
value of high school chemistry when noting from Tables 10 and 11 that those students
who not completed high school chemistry actually received higher grades than did the
students who had completed high school chemistry.

Since all high school chemistry courses were aggregated in this analysis, one may
ask if there is a predictive value from differing levels of high school chemistry. For
example, does completion of a higher level of high school chemistry serve as better
preparation for college chemistry?

A plethora of names for chemistry courses was revealed through the analysis of
high school transcripts. Courses were aggregated by similar sounding names and
experience of the researcher. Rarely was a chemistry program such as ChemCom
identified as such on a transcript. Identifying the textbook and approach used by several
high school chemistry teachers and following their class of students of students into the
same college chemistry curriculum would have provided the opportunity to evaluate the
usefulness of those high school texts and approaches in a classical manner. Some work to
be discussed later demonstrates that teachers “cover” textbooks differently depending on
the level of chemistry taught.
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Table 13 demonstrates that those students who completed a higher level of high
school chemistry do indeed receive higher grades in college chemistry. But that difference
is only plus or minus 0.2 grade points. Considering the culture of high schools, one must
wonder if the expense of different levels of chemistry and the associated stigma of either
being or not being in the “upper track’ is justified. From an instructional viewpoint when
considering preparation for college chemistry as the goal, the difference between regular
college preparatory chemistry and honors levels is virtually meaningless.

Therefore, if students who do not complete high school chemistry perform better
than students who do complete high school chemistry and the level of high school
chemistry one completes does not matter, instructional supervisors should question
additional resources being placed in honors level chemistry courses over regular college
preparatory chemistry courses. With this being the case, perhaps the goal of high school
chemistry should be to continue or incite the interest of students in chemistry without the
traditional teaching of chemistry content. Thus an area still ripe for research is the
performance of students who completed the American Chemical Society developed
“Chemistry in the Community” program versus those students who completed traditional
high school chemistry in terms of both achievement and attitude toward science as an
important part of their future professional and personal life.
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Additionally, the universal acceptance of the equating of successful completion of
specific courses with receiving a grade of C or better, as defined by the National Science
Foundation, at both the secondary and post-secondary levels requires confirmation. Does
a grade of C mean that the student is proficient in the subject matter? And does teacher A
use this same grading criterion as teacher B?

Since completion of high school chemistry is apparently a poor predictor of
success in college chemistry, standardized test scores and other course variables were
researched in hopes of locating a better predictor.

The scores from two sets of standardized tests were used to check for their
correlations with performance in college chemistry. The Maine Educational Assessment
(MEA) is a test taken by over ninety percent of Maine eleventh graders. The mathematics
portion of this test consists of ten items, eight of them common for all students and two
are matrix sampled across the twelve forms. The items are a constructed response format,
requiring students to solve problems and describe how they arrived at their solutions.
Individual student scores are returned to schools and may or may not be included in
student transcripts.

Analysis (Table 15) showed a correlation of 0.20 for percentile ranking and college
chemistry grade.
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The reading test of the MEA is similarly formatted as a constructed response
instrument. Analysis of the reading results, however, revealed a much lower correlation of
-0.12. Since individual student scores are not available in science, correlations could not
be run.

It is interesting to note that math scores correlated much higher than did reading
scores. With the entire testing instrument (including the math and science
sections)requiring a reasonably high reading level (approximately grade level vocabulary,
and requiring reading and interpreting prompts/questions of up to several paragraphs), one
might have assumed that a higher correlation to reading scores would be expected. This
suggested that, despite the “verbal” requirements of a constructed response format, the
nature of the content (in this case, math) still strongly determines the level of student
performance.

Scholastic Aptitude Test (SAT) quantitative and verbal scores were correlated
with performance in college chemistry. Correlations for both were essentially the same
(0.203 for quantitative, and 0.202 for verbal). These are remarkable similar to the
correlation for the MEA math comparison (0.20). The SAT quantitative value, however,
is much lower than that reported by Ozsogomonyan and Loftus (1979) of 0.5071.
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Aggregating SAT quantitative scores and comparing them to college chemistry
performance reveals some useful information about the nature of the correlation between
SAT and college grades. Sixteen of the two hundred forty seven students who completed
college chemistry and reported their SAT quantitative scores received a score of four
hundred twenty or less on the SAT. Almost forty percent of those (6 of 16) achieved a
2.00 or higher grade in college chemistry. Conversely, four of thirty seven students (11%)
who scored a six hundred sixty to seven hundred seventy on the quantitative portion of the
SAT received a grade in college chemistry of 1.67 or lower. This exemplifies the value of
a 0.20 correlation.

When students were just beginning college chemistry, it was generally perceived
that the high school chemistry they had taken would serve them well in college chemistry
(see Table 19). Forty five percent of students indicated this belief Toward the end of the
course, however, thirty nine percent reported this belief. Twelve percent believed that
high school chemistry would serve them poorly as preparation for college chemistry and
this rose to twenty two percent by the end of college chemistry. This later finding is
consistent with earlier discussions that performance in high school chemistry is a poor
predicator for performance in college chemistry.
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With almost half of the students initially believing that their high school chemistry
experience would be quite useful to them in college chemistry, they reaffirm the belief that
high school teachers are preparing students for college chemistry courses.

In fact. Table 20 shows that seventy three percent of college chemistry students
reported that academic preparation was either a very important or an important goal of
high school chemistry, compared with personal needs (44%), career education and
awareness (43%) and being an informed citizen (42%).

There is still much work to be conducted on this topic. The performance in
college chemistry of a sufficiently large population of students who took ChemCom versus
those who took other high school chemistry courses remains to be investigated. This will
require identifying students in their junior year of high school, when chemistry is
traditionally taken, noting the chemistry courses they took, and examining their
performance in college chemistry some two to four or more years later. In addition to
grade performance in high school and college, attitude toward science and its usefulness in
every day life should be assessed at those two levels. It could be that students who
completed ChemCom, for example, have greater interest in science than those who take
“regular” college preparatory chemistry courses. Further research on a larger, perhaps
national, population is also justified by the finding that high school freshman science and

124

senior math grades seem to not follow the pattern established by grades in sophomore and
junior science and math, freshman math and senior science.

Further study on the effects of standards-based curriculum should also be
undertaken. As course are being created to respond to national standards such as the
National Science Education Standards and the Project 2061 endeavor, their effectiveness
must be evaluated.

Integrated science courses are becoming increasingly popular. Their effectiveness
must also be evaluated.

All of this depends on the definition of success. With the National Science
Foundation defining course success as achieving a grade of‘C’ or better, a standard has
been established. But does a ‘C’ mean that the student is proficient in that subject? This
question also must be examined.

Questions that remain to be researched include:
What value (for example, better science process or reasoning skills) does high
school chemistry add to the repertoire of college chemistry students?
Assuming this study to be valid, how can high school chemistry teachers be
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convinced of their apparent misconception that high school chemistry prepares student for
college chemistry?
Is there a particular high school chemistry program that better prepares students
for college chemistry?
What cognitive and or affective advantages are realized by recent innovations such
as ChemCom and Applied Biology and Chemistry?
If high school chemistry does not provide an academic advantage to college
chemistry students, does middle school science prepare students for high school
chemistry? Does elementary school science prepare students for middle school science?

From this study, however, in sum,
-

students who had not completed high school chemistry had a higher mean
grade in college chemistry than did students who had completed high
school chemistry.

-

students who completed an upper track of high school chemistry did not
perform better in college chemistry than did students who completed a
regular track course.

-

score on the mathematics portion of the Maine Educational Assessment is a
weakly positive predictor of success in college chemistry.
students who believed that high school chemistry had prepared them for
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college chemistry before taking college chemistry reported that it had not
prepared them as well as they thought after taking college chemistry.
Maine high school chemistry teachers overwhelmingly cite academic
preparation as the major goal for chemistry courses other than ChemCom.
Maine high school chemistry teacher who teach upper track courses report
that they cover more of the textbook but spend less time using one than do
teachers of regular track courses.
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APPENDIX A
INITIAL STUDENT QUESTIONNAIRE
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Informed Consent Form

As part of a doctoral research project for the University of Massachusetts, a study is being conducted to
examine the preparation of students taking first-year college chemistry. Since you arc enrolled in a first-year
college chemistry course and are at least 18 years of age, you arc being asked to voluntarily participate in this
stud)' by completing one questionnaire now and one later in the semester. All information gathered during
this study will be strictly confidential and not traceable to a single individual. All information provided will
be stored in a locked file cabinet. No information which could personally identify you will ever be released.
Individual identify will be protected until data arc entered into a computer database, then identities will be
deleted. Individual identities are needed for pre- and post-test comparisons and categorizations. Only group
information will be reported
Your decision to participate or not will have no effect on your course grade'. Your course instructor is not
directly involved in this study other than allowing me time to conduct this survey. In fact your instructor will
not have access to any raw data generated by this stud)’.
You can withdraw from this study or review the results to date at any time. Final results will be contained in
a doctoral dissertation and possibly published, but individual participant identities will be protected.
Further, you grant permission to allow;
* examination and recording of high school math and science courses, grades, and SAT and Maine
Educational Assessment (MEA) scores from your high school transcript submitted to this institution of
higher education,
* reporting of your midterm (if available) and final grade in the college chemistry course in which you
a"e now enrolled, and
* reporting of your Grade Point Average for this semester and institution to date to Thomas E. Keller.
I can be contacted by E-mail (Kcllcr@csss.mste org), by collect telephone call (207-586-6943) or at RR 1,
Box 542H, Wiscasset ME 04578.
Thank you.
By signing this, you acknowledge that you understand and accept the above and have received a copy of this
consent form.
Student's Signature
Name (Please Print)

___Date_
_

Social Security Number_

-

-

One copy for researcher - needed foe Admissions Office

*
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Informed Consent Form

(
As part of a doctoral research project for the University of Massachusetts, a study is being conducted to
examine the preparation of students taking first-year college chemistry. Since you are enrolled in a first-ycar
college chemistry course and are at least 18 years of age, you arc being asked to voluntarily participate in this
study by completing one questionnaire now and one later in the semester. All information gathered during
this study will be strictly confidential and not traceable to a single individual. All information provided will
be stored in a locked file cabinet No information which could personally identify you will ever be released.
Individual identity will be protected until data ere entered into a computer database, then identities-will be
deleted. Individual identities arc needed for pre- and post-test comparisons and categorizations. Only group
information will be reported.
Your decision to participate or not will have no effect on your course grade. Your course instructor is not
directly involved in this study other than allowing me time to conduct this survey. In fact your instructor will
not have access to any raw data generated by this study.
You can withdraw from this study or review the results to date at any time. Final results will be contained in
a doctoral dissertation and possibly published, but individual participant identities will be protected.
Further, you grant permission to allow’;

(

* examination and recording of high school math and science courses, grades, and SAT and Maine
Educational Assessment (MEA) scores from your high school transcript submitted to this institution of
higher education,
* reporting of your midterm (if available) and final grade in the college chemistry course in which you
me now enrolled, and
* reporting of your Grade Point Average for this semester and institution to date to Thomas E. Keller.
1 can be contacted by E-mail (Kcllcr@csss.mste.org), by collect telephone call (207-586-6943) or at RR 1,
Box 542H, Wiscasset ME 04578.
Thank you.
By signing this, you acknowledge that you understand and accept the above and have received a copy of this
consent form.
Student's Signature____Date_
Name (Please Print)___Social Security Number

One copy for student

I

\
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Informed Consent Form

As part of a doctoral research project for the University of Massachusetts, a study is being conducted to
examine the preparation of students taking first-year college chemistry. Since you arc enrolled in a first-year
college chemistry course and arc at least 18 years of age, you arc being asked to voluntarily participate in this
study by completing one questionnaire now and one later in the semester. All information gathered during
this study will be strictly confidential and not traceable to a single individual. All information provided will
be stored in a locked file cabinet No information which could personally identify you will ever be released.
Individual identity will be protected until data are entered into a computer database, then identities will be
deleted. Individual identities arc needed for pre- and post-test comparisons and categorizations. Only group
information will be reported
Your decision to participate or not will have no effect on your course grade. Your course instructor is not
directly involved in this study other than allowing me time to conduct this survey. In fact your instructor will
not have access to any raw data generated by this study.
You can withdraw from this study or review the results to date at any time. Final results will be contained in
a doctoral dissertation and possibly published, but individual participant identities will be protected.
Further, you grant permission to allow;
* examination and recording of high school math and science courses, grades, and SAT and Maine
Educational Assessment (MEA) scores from your high school transcript submitted to this institution of
higher education,
* reporting of your midterm (if available) and final grade in the colicge chemistry course in which you
arc now enrolled, and
* reporting of your Grade Point Average for this semester and institution to date to Thomas E. Keller.
I can be contacted by E-mail (Keller@csss.mste.org), by collect telephone call (207-586-6943) or at RR 1,
Box 542H, Wiscasset ME 04578.
Thank you.
By signing this, you acknowledge that you understand and accept the above and have received a copy of this
consent form.
Student's Signature___Date_
Name (Please Print)___Social Security Number
One copy for researcher - needed for Student Records Office
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Student Questionnaire
1.

I agree to participate in this study and will answer the questions to the best of my ability.
A.
B.
C.
D.
E.
F.
G.
H.

2.

Printed name of student_
Student id number_
Sex: Female_Male_
Institution you arc attending_
Major_Is this selected
or anticipated_?
Chemistry course and section in which you are enrolled_
Is this the first chemistry course you have taken in college?_
Ciass: First year_Sophomore_Junior_Senior_

I completed a chemistry course or courses in high school. Yes_No_(If “No’1, go to #4.)

A.
Title of chemistry course(s) (for example. General Chemistry, ChcmCom, AP Chemistry,
College Chemistry)_
B.
Was this a college prep_or non-college prep_course?
C.
Title of textbook(s) used_
D.
Final grade(s) received_
E.
Please identify the school, school year and chemistry tcachcr(s)_

3. Below are four goals for chemistry education in high school. Please read all four bold-faced goals
and then response to the question as it relates to your high school chemistry course.

A.
Education in chemistry should produce informed citizens prepared to deal responsibly with
science-related societal issues.
How important did this goal seem to be to your teacher? (Circle one)
very important,
much time spent
on this

important, a good
deal of time spent
on this

marginally
important, some
time spent on this

(Over)
f

l
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little importance,
little time spent on
this

not important, no
time spent on this

B. Education in chemistry should give all students an awareness of the nature and scope of a
wide variety of science and technology-related careers open to students of varying aptitudes and
interests.
How important did this goal seem to be to your teacher? (Circle one)
very important,
much time spent
on this

important, a good
deal of time spent
on this

marginally
important, some
time spent on this

little importance,
little time spent on
this

not important, no
time spent on this

C. Education in chemistry should allow students who are likely to pursue science academically as
well as professionally to acquire knowledge appropriate for their needs.
How important did this goal seem to be to your teacher? (Circle one)
very important,
much time spent
on this

important, a good
deal of time spent
on this

marginally
important, some
time spent on this

little importance,
little time spent on
this

not important, no
time spent on this

D. Education in chemistry should prepare individuals to utilize science for improving their own
lives and for coping with an increasingly technological world.
How important did this goal seem to be to your teacher? (Circle one)
very important,
much time spent
on this

important, a good
deal of time spent
on this

marginally
important, some
time spent on this

little importance,
little time spent on
this

not important, no
time spent on this

4.
How well do you think your high school chemistry experience has prepared you for this college
chemistry class?
_A.

Very well -1 expect to get a good grade without much work.

_B.

Well -1 expect to get a good grade with some work.

_C.

Fairly well -1 expect to get a good grade with a lot of work.

_D.

Poorly -1 expect to get a good grade with a great deal of work.

_E.

Uncertain * I don’t know if my high school chemistry will help me.
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(

Student Questionnaire
1.

I agree to continue participating in this study and will answer the questions to the best of my ability.
A.
B. •
C.
D.

2.
class?

Printed name of student__;_
Student id number_._._•
Institution you arc attending_
Chemistry course in which you arc enrolled__

How well do you think your high school chemistry experience prepared you for this college chemistry

_A. Very well -1 expected to get a good grade without much work.
_B.

Well -1 expected to get a good grade with some work.

_C.

Fairly well -1 expected to get a good grade with a lot of work.

_D.

Poorly -1 expected to get a good grade with a great deal of work.

_E.

Uncertain -1 didn’t know if my high school chemistry would help me.

_F.

I did not take chemistry in high school.

(Over)
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3.
Below axe four goals for chemistry education. Please read ali four bold-faced goals and then
response to the question.
AEducation in chemistry should produce informed citizens prepared to deal responsibly with
science-related societal issues.
How important did this goal seem to be to your college instructor? (Circle one)
very important, .
much time spent
on this

important, a good
deal of time spent
on this

marginally
important, some
time spent on this

little importance,
little time spent on
this

not important, no
time spent on this

B. Education in chemistry should give all students an awareness of the nature and scope of a
wide variety of science and technology-related careers open to students of varying aptitudes and
interests.
How important did this goal seem to be to your college instructor? (Circle one)
very important,
much time spent
on this

important, a good
deal of time spent
on this

marginally
important, some
time spent on this

little importance,
little time spent on
this

not important, no
time spent on this

C. Education in chemistry should allow students who are likely to pursue science academically as
well as professionally to acquire knowledge appropriate for their needs.
How important did this goal seem to be to your college instructor? (Circle one)
very' important,
much time spent
on this

important, a good
deal of time spent
on this

margin ally
important, some
time spent on this

little importance,
Little time spent on
this

not important, no
time spent on this

D. Education in chemistry should prepare individuals to utilize science for improving theiHPwn
lives and for coping with an increasingly technological world.
How important did this goal seem to be to your college instructor? (Circle one)

very important,
much time spent
on this

important, a good
deal of lime spent
on this

marginally
important, some
time spent on this

Thank you for participating in this study of chcmisliy education.
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little importance,
little time spent on
this

not important, no
time spent on this

APPENDIX C
HIGH SCHOOL CHEMISTRY TEACHER QUESTIONNAIRE

.igus S. King. Jr.

Wayne L. Mowstt. Ed D

Governor

Commissioner

DEPARTMENT OF EDUCATION
Telephone (207) 287-5800
TDD (207) 287-2550

April 9, 1996
TO:
FROM:

High School Chemistry Teachers
Tom Keller, Science Education Specialist
AUslcIicc! cju estiothl^xtc

_^

A study is being conducted to examine the preparation of students taking first-year college chemistry. As a
teacher of high school chemistry, your knowledge and opinions are important to this study. I hope that you
will voluntarily participate in this study by completing and returning the enclosed questionnaire. All
information gathered during this study will be strictly confidential and not traceable to any individual. No
information which could personally identify you will ever be released; only group information will be
included. Your name is being requested only to verify your authorization to participate in this study, to
allow monitoring of return rate and to facilitate follow-up if needed.
This work is being conducted as part of a doctoral research project and to provide data for science
education improvement in Maine.
This questionnaire has been piloted and found to take 30 minutes to complete. Please return the completed
questionnaire in the enclosed addressed and stamped envelope by April 26, 1996.
Should you have any questions, please contact me by e-mail (Tom.Kellcr@state.me.us), telephone (2875920) or mad (ME Department of Education, 23 State House Station, Augusta, ME 04333).
Thank you in advance for your time and for providing this important information.

(

N

23 Stale House Station. Augusta. Maine 04333-0023 — Offices Located at the Education Building
An Equal Opportunity Employer
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Secondary School Chemistry Teacher Questionnaire

(

1.

A.
B.
C.
D.
E.
F.
G.
H.
I.

I agree to participate in this study and will answer the questions to the best of my ability.
Signature of teacher_
Printed name of teacher_
School name
_ ___
Number of years you have taught chemistry at this school_
Total number of years you have taught high school chemistry_
Year of BA or B.S. degree_ Major_
Graduate degree(s)_
Year(s) of grad uate degree(s)_
Content areas of graduate degree(s)_

2. Since the beginning of the 1991-92 school year how much professional development have you
undertaken in chemistry content? (Circle one) Note that 15 contact hours equals one college credit
A. < 3 hours

B. 3-15 hours

C. 15-45 hours

D. > 45 hours

3.
Since the beginning of the 1991-92 school year bow much professional development have you
undertaken in chemistry education pedagogy? (Circle one)
A. < 3 hours

B. 3-15 hours

C. 15-45 hours

D. > 45 hours

4. Since the beginning of the 1991-92 school year how much professional development have you
undertaken in science education pedagogy? (Circle one)
(

A. < 3 hours

B. 3-15 hours

C. 15-45 hours

D. > 45 hours

5
How familiar arc you with the American Association for the Advancement of Science (AAAS)’s
Benchmarks for Science Literacy?
A. Unfamiliar

B. Somewhat familiar

C. Very familiar

D. Very' familiar and have
incorporated them in course
design and content

6.
How familiar are you with the National Academy of Sciences/National Research Council’s
National Science Education Standards?
A. Unfamiliar

7.

B. Somewhat familiar

C. Very familiar

D. Very funiliar and have_
incorporated them in course
design and content

What teacher certifications and endorsements relative to science do you hold? (Circle one)
A. Life science B. Physical science

C. Life and Physical science

Chemistry Teacher Questionnaire - page 1
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D. None

8.

In order to teach a more effective course, what would you need? (Circle all that apply)
A.
B.
C.
D.

E.
F.
G.
H.
I.

•

Clearer goals and outcomes
More supplies (i.e., expendables like glassware and chemicals)
More equipment (e.g., pH meters or spectrophotometer)
More content training for the teacher
More pedagogy training for the teacher
More in-class time
More preparation time during the school day
Better textbooks and lab-books
Other (specify)_

9. What systematic efforts have you undertaken to track your students’ success in college chemistry?

10. What type of contact have your recently had with college chemistry faculty in an effort to
coordinate high school and college chemistry content and pedagogy?

11. To what extent are your teaching priorities (course content, methods, outcomes, etc.) selfdetermined, department determined and/or administration/school board determined?

Chemistry Teacher Questionnaire - page 2

Please complete a table for each of the different levels of chemistry courses you taught from the
1991-92 school year through the 1994-5 school year. For example, a teacher may teach General
Chemistry, C hem Cora, and AP Chemistry' in one year - this teacher would complete three tables. Four
blank tables are attached at the end of this packet. Please make more copies if needed. This one is
completed as a sample. Note scores of3 + 0 + 3 + 4 = total of 10 points in final section.
Level/title of
course
School ycar(s)
course taught
How frequently
(% of time) do you
use (depend on) a
tcxtbook(s) in the
course?

A. < 10%

B. 10-25% C. 25-50% D. 50-75°/{fr75-90^F. >90%

How much of the
text(s) do you
cover in a year?

A. < 10%

B. 10-25% C. 25-50% D. 50-75°/(E^75^90%)r. >90%

Title, edition
and/or year of
text(s)
Is this considered
a college
prcparatoiy
course?
Distribute a total
of ten points
among the four
descriptors in the
box to the right to
reflect your course
goals as
determined by
allocation of
course time. You
may assign each
of die four 0-10
points, totaling 10
and weighted
according to your
course priorities.

/^C77<W

Yes

(n^)

^3

Informed citizenry - Education in chemistry should produce
informed citizens prepared to deal responsibly with science-related societal
issues.

O

Career awareness - Education in chemistry should give all students
an awareness of the nature and scope of a wide variety of science and
technology-related careers open to students of varying aptitudes and
interests.

-3 Academic preparation - Education in chemistry should allow
students who are likely to pursue science academically as well as
professionally to acquire knowledge appropriate for their needs.
j

Personal needs - Education in chemistry should prepare individuals
to utilize science for improving their own lives and for coping with an
increasingly technological world.

ChcmisUy Tc<u.hcj Quc-stioiiniL-c - page 3

Level/title of
course
School ycar(s)
course taught
How frequently
(% of time) do you
use (depend on) a
textbook(s) in the
course?

A. < 10%

B. 10-25% C. 25-50% D. 50-75% E. 75-90% F. >90%

How much of the
text(s) do you
cover in a year?

A. < 10%

B. 10-25% C. 25-50% D. 50-75% E. 75-90% F. >90%

Tide, edidon
and/or year of
text(s)
Is this considered
a college
preparatory
course?
Distribute a total
of ten points
among the four
descriptors in the
box to the right to
reflect your course
goals as
determined by
allocadon of
course time. You
may assign each
cf the four 0-10
points, totaling 10
and weighted
according to your
course priorities.

Yes

No

Informed citizenry - Education in chemistry should produce
informed citizens prepared to deal responsibly with science-related societal
issues.
Career awareness - Education in chemistry’ should give all students
an awareness of the nature and scope of a wide variety of science and
technology-related careers open to students of varying aptitudes and
interests.
Academic preparation - Education in chemistry' should allow
students who are likely to pursue science academically as well as
professionally to acquire knowledge appropriate for their needs.
Personal needs - Education in chemistry should prepare individuals
to utilize science for improving their own lives and for coping with an
increasingly technological world.

(Over)
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Level/title of
course
School year(s)
course taught
How frequently
(% of time) do you
use (depend on) a
textbook(s) in the
course?

A. < 10%

B. J0-25% C. 25-50% D. 50-75% E. 75-90% F. >90%

How much of the
text(s) do you
cover in a year?

A. <10%

B. 10-25% C. 25-50% D. 50-75% E. 75-90% F. >90%

Title, edition
and/or year of
text(s)
Is this considered
a college
preparatory
course?
Distribute a total
of ten points
among the four
descriptors in the
box to the right to
reflect your course
goals as
determined by
allocation of
course time. You
may assign each
of the four 0-10
points, totaling 10
and weighted
according to your
course priorities.

Yes

No

Informed citizenry' - Education in chemistry’ should produce
informed citizens prepared to deal responsibly with science-related societal
issues.
Career awareness - Education in chemistry should give all students
an awareness of the nature and scope of a wide variety of science and
technology-related careers open to students of varying aptitudes and
interests.
Academic preparation - Education in chemistry should allow
students who are likely to pursue science academically as well as
professionally to acquire knowledge appropriate for their needs.
Personal needs - Education in chemistry should prepare individuals
to utilize science for improving their own lives and for coping with an
increasingly technological world.
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Level/title of
course
School year(s)
course taught
How frequently
(% of time) do you
use (depend on) a
textbook(s) in the
course?

A. < 10%

B. 10-25% C. 25-50% D. 50-75% E. 75-90% F. >90%

How much of the
text(s) do you
cover in a year?

A. < 10%

B. 10-25% C. 25-50% D. 50-75% E. 75-90% F. >90%

Title, edition
and/or year of
text(s)
Is this considered
a college
preparatory
course?
Distribute a total
of ten points
among the four
descriptors in the
box to the right to
reflect your course
goals as
determined by
allocation of
course time. You
may assign each
of the four 0-10
points, totaling 10
and weighted
according to your
course priorities.

Yes

No

Informed citizenry - Education in chemistry should produce
informed citizens prepared to deal responsibly with science-related societal
issues.
Career awareness - Education in chemistry should give all students
an awareness of the nature and scope of a wide variety of science and
technology-related careers open to students of varying aptitudes and
interests.
Academic preparation - Education in chemistry should allow
students who are likely to pursue science academically as well as
professionally to acquire knowledge appropriate for their needs.
Personal needs - Education in chemistry should prepare individuals
to utilize science for improving their own lives and for coping with an
increasingly technological world.
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